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rBEFACE. 



Nearlk all who hue written Tre&Uses on Astronooi;, deseed for 
young learners, appenr to haveeired in one of two ways; they hare either 
disregarded demonstrative evidence, and relied on mere popular illustra- 
tioQ, or they have exhibited the elements of the science in naked matb- 
r:inaticnl rormulre. The foimer are usually diffuse and superficial; the 
latter, technical and abstruse. 

Id the following Treatise, we have endearored to unite the idvantagea 
of both methods. We have sought, first, to establish the great princi^ea 
of astronomy on a mathematical basis; and, secondly, to render the 
stud; interesting and intelligible to the learner, by easy and familiar il- 
lustrations. We would not encourage any one to believe that he can 
enjoy a full view of the grand edifice of astronomy, while its noble fouiw 
dations are hidden from his sij^ht ; nor would we assure him that he can 
contemplate the structure in its true magnificence, while its basement 
alone is within his field of vision. We would, therefbre, that the student 
of astronomy should confine his attention neither to the exterior of the 
building, nor to the mere analytic investigation of its structure. We 
wouia desire that he should not only study it in models and diagrams, and 
mathematical fbrmuls, but should at the same time acquire a love of na- 
ture herself, and cultivate the habit of raising his views to the grand 
originals. Nor is the effort to tbrm a clear conceptbn of the motions 
and dimensions of the heavenly bodies, less favorable to the improvement 
of the intellectual powers, than the study of pure geometry. 

But it b evidenUy possible to fcJIow out all the intricacies of an ana- 
lytical process, and to arrive at a full conviction of the great truths of 
astronomy, and yet know very little of nature. According to our 
experience, however, but few students in the course of a liberal education 
will feel satisfied with this. They do not need so much to be convinced 
that the assertions of astronomers are true, as they desire to know what 
the truths are, and bow they were ascertained ; and they will derive from 
the study of asttonomy little of that soral and intellectual elevation 
which they had anticipated, unless they learn to look upon the heavens 
w4th]iew views, and a clear comprehension of their wonderful mechanism. 

Much of the difficulty that usually attends the early progress of the as- 
tronomical student, arises from his being too soon introduced to the most 
perplexing part of the whole subject, — the planetary motions. In this 
work, the consideration of these is l(>r the most part postponed until the 
learner has beoHne familiar with the artiRcial circles of the sphere, and 
conversant with the celestial bodies. We then first take the moot simple 
view possible of the planetary motions by contemplating them aa thej 
really are in naUiia, and afterwaida proceed to the more difficult ioqniry, 
why they appear as they do. 
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Although we have feuod it convenieDt to defer the conBideration of the 
fixed BtarB to a late period, yet we would earnestly recommead to the stu- 
dent to begin to learn the consiellaiiona, and the stara of the tirst magni- 
tude at least, ss soon as he enters upon the study of astronomy. A few 
evenings spent in this way, assisted, where it is practicable, by a friend 
already conversant with the stars, will inspire a higher degree of enthn- 
siaam for the science, and render its explanations more easily understood. 

It is recommended to the ieimer to make a free use of the Analysis, 
especially in reviewing the ground already trsTersed. If, by repeated 
recurrence to these heads, he associates with each a train of ideas, carry- 
ing; along with him, as he advances, all the particulars indicated in these 
kivtf, he will secure to them an indelible place in his memory. 

With auch aids at hand, aa Newton, La Place, and Delambre, to ex- 
pound the laws of astronomy, and suchpopulnr writers as Ferguson, 
Biot, and Francoeur, to supply familiar illustrations of those laws, it might 
seern an easy task to prepare a work like the present ; but a text book 
made up of extracts from these authors, would be ill suited to the wants 
of our students. We have deemed it better therefore, first, to acquire 
the clearest views we were able of the truths to be unfolded, boih from an 
extensive perusal of standard authors, and from diligent reflection, and 
then to endeavor to transfuse our own impressions into the mind of the 
learner. Writers of profound sltainmenis m astronomy, and of the high- 
est reputation, have often failed in the preparation of elementary works, 
because they lacked one qualification — the experience of the teacher. 
Familiar as they were with the truths of the science, but unaccustomed 
to hold communion with young pupils, they were incapable of apprehend- 
ing the difficulty and the slowness with which these truths make their 
entrance into the mind for the first time. Even when they atten^pt to 
feel their way into youne minds, by assuming the garb of the instructor, 
and employing popular illtistrations, they often betray their want of the 
experience and art of the professional teacher. In this number perhaps 
we may place Sir John Herachei, whose work on the Elements of A^ 
tronomy, no sooner made its appearance in this country, than it was seized 
upon with avidity by many of the professors of our colleges, and among 
others by the author of this treatise. But with great deference to his ex- 
alted rank in the scientific world, and with the highest respect for his 
prolbund and varied attainments, we feel compelled to say, after several 
years trial, that his work is wholly unsuited to the case of the college 
student, and, indeed, but ill adapted to the wants of the general reader. 

Although the mnthematical complexion of some parts of this work, 
may seem repulsive to the general reader, yet the pro|)ositions demon- 
strated are generally also illustrated in a popular way, so that they may 
be understood by those who are unable or unwilling to toil through the 
demonstrations. By occasiooally omitting these, such may find this 
treatise well suited to give them a concise and comprehensive view of the 
latest discoveries of astronomy ; and we hope it may prove no less worthy 
ofthe library of the scholar, tbanof the lecture room of the student. 

Vale College, Haj, 1839. 
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when near the horizon, . 1 

Time of the moon's levotDtion on it 



Mean Motion defined, 
lllustraied by snrTeyiii^ a field. 
Mean and Irne longitude diatin- 

guiithed, 100 

Ejualiimi deSttti, . - . 109 

Their object, .... 109 

Mean and Trne Anomaly defined, 109 

EqaalioD of the Center, . . 110' 

Explain from the figure, . . 110 

Chapter T. — The Moon — Lunik Gioo- 

aipBY — Phues or the Mooi4 — Ueh 

Ret OL.UT IONS. 
DisianceoflbemoonfWim the earth, 110 
Her mean hurtzoatal parallax, 
Her diameter; 
Volume, density, and mass. 
Shines by reflected liffht, 
Appt'arance in ifae lelescopa, 
Terminator defined, 
lis appearance. 
Proofs of Valleys, 
Form of these. 
Best time for obieTTtDg the li 

moDDlaioK and valleys, 
Names of |ilaces on the moon doable, 1 12 
Duslfv rcKioos bow named. 
Point oal remarkable places on the 

map of the moon, 
Explain the method of estimating 

ue heishi of lonar moon tains, 

2 



specify the heiglita of partienhr 



Volcanoes, proof of their ei 
Has the moot) an atmosphere i 
Improbability of identifying artht- 



iplain the . 
from figare 46, . ■ . 1. 
RETOT.nnoifs or tbe Moon. Pe- 
riod of her renlulions kbODt the 



earth. 
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How hnowit, 

Libraliona explained, . . 120 

I>itirnal Libraiitm, . .131 

Length of the Lnnar days, ISt 

CarlD nerer seen on the opposite 

side of the moon, • ISl 

Appearances of the earth lo a spec- 

taloron the moon . . . lfi3 
Why Ihe earth would appear to re- 

maiorfiied, .183 

Ascendintr and descending nodes 

distinguished, ... 199 

Whether Ihe earth carriei tbe moon 

aronnd ibesnn, 129 

How much more is Ihemoon stiract- 

ed towards the sno than toward* 

theearthf . . . . ISS 
When does the snn act as a distnrb- 

ig force Dpnn Ihe moon t IS3 

Why does not the moon abandon 

the eanb at ibe conjunction 1 1^ 

L ,_ Qf|,i[ concave li '- 
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ibeL..., 

How tbe elliptical motion of the 
moon aboot the eanb is to be coD- 
ceircd of, .... 1S4 

Illnaiialions, . . . . IM 

Chapter TI.— Lunir laacoDLUiTis*. 
Specify their general cause, . 19& 



.'..tOU^IL' 



rmf. 

Vnequil Mtion of the ran upon ihe 



Dbliqae actioD of eanlmDcl inooD. 1% 
GrBiiiT of ibe idood lowards ube 

earth •! Lhe lyxfria, . 196 

QniTJIy SI lhe fuodralurei, 136 

Explain tbe dismrbaDcra id tbe 

idood's motiona Irooi tf^utt 48, 137 
FiKtire of lhe moon'a orbit, . '"" 

How its BgDre in aacertained. 
Mood's g real est and least apparent 

diameters, .... 

Her gfeaiest and least distances 

froDi the earth, 1S9 Lam 

Perigee and Apogee defined, 139 Solar 

Eccentricities of ihe solar and laoat 

orbits compared. 
Moon's noden, their change of place, 
Rale of thL"^ change per annum. 
Period of lUeir reTuluiion, 
Irregular cuire deaclibed bj the 



Eclipse of Ihe son, ditto. 

When only can eacb occur, 

Whf an eclipse does not occnr at 

every new and full moon, 
Wbf eclipses happen al in'ooppo- 

siie montbs. 
Circumstances vhich aSect the 

length of the earth's shadow, 
Semi-aiigle of Ihe cone of tbe earth's 

shadow, to what equal, 
Lenph of tbe earth's shadow, 
Its breadth where it eclipses Ibe 



Cause of Ihe retrogriule motion 

Explain ttom Geure 50, 

Sjroodical levolulion of Ihe node 

defined, .... 

Its period, .... 

The Saros explained, . . 

The Melonic Cycle, 
Golden Number, . . . _-_ 

Reroluiion of the line of apsides, 133 
Itsperiod, '.'.., "" 

How (he places of the perigee toAj 

be foDud, .... 

Moon's anomaly defined, 
Caase of the revolution of tbe ap- 

Araount of the equation of tbe Cen< 



Amunnlof the innar ecliptic limit, 143 
Appnlse defined, . . .143 

Partial, total, ceiitrmi, eclipse, each 

delined, . .144 

Pennmbra defined, . . 144 

Semi-angle of the moon's pen nmbra, 
130 to what equal, . . .144 

Semi-angle of a section of lhe pe- 

Moon's horizontal parnllax incieas- 



ter. 



JEKcttM defined, . . . 1 
ItHCBuseeiplainrd, . , . 1 
VaruUion defined, . . . 1 
Its cause, ■ . . , I. 

Aimuai Ei^uUitm explained, . 1 
How these irregularities were first 

discovered, . . . . l: 
How many equations are applied to 

the moon's motions? . . l; 
Method of proceeding'in finding the 

moon's place, . . . . 1. 
Succemive degrees of accuracy at- 

lained i; 

Periodic and secular irregularities 

distinguished . . . l; 

Acceleration of the moon'* mean 

notion explained, . . ); 

Its consequences, , . , i; 

Lunar Ineqaalities of latitude and 

parallas, . . . . i; 

Chapter VII.— bclip*e«. 
Eclipse of the moon, when it hap- 



'S 



it defined. 



143 



... why, . . .146 

Why the noon isvieible in a total 

eclipse, . . .145 

Calculation of eclipses, generalmode 

of proceedine, - 14S 

To find tbe exact time of tbe begin- 
niug, end, duration, and magni- 
tude of a lunar eclipse, by GgureE 
53, M, . . . 146 

Glemenisofaa eclipse defined, . 147 
Digits defined .149 

"— tbe shadow of tbe moon irav- 

□verlbeeartbinasolareclipse, 150 
Why Ihe calculation of a solar 
complicated than 



Velocity of Ibe moon's shadow, 1 

DiSerent way in wbicb the shadow 
traverses tbe ea rib, according as 
Ihe conjunction is neat the node 
or near the limit, ■ 1 

When do tbe greatest eclipses bap- 
pen( . . . . 1 

BBe in which Ibe moon's shadow 
nearfjr reaches tbe earth, . I 

How far may tbe shadonr reach be- 
yondihecenleroftheeanhl . 1 

Greatest diameter of the moon's 
shadow where it traverse* the 

Greatest portion of the earth's sur- 
'--e ever covered by Ihe moon's 
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GrealeMdwttion ortolal darknen, ISA " 
Eclipwa of the Ban mare rreqaenl 

Itaan of ihe moon, whf ' 

LaniiretiipwRafteDer visible, whyl 155 
Eadiatjon of ligbl id a loUl eclipse 

oflbesno, 
InlerestiDg pheDameDa of a total 

Mlip!i«ofthesaD, 
PheDumena of the eclipse of 1806, 



Onit of altitude defined, . 
l56ITiiitorn1lilDdefardi0ereiitplscc9, 168 

Tides on the coast (rf V" * '- — 

1(7 whence deriTed, 



the s 



isible i 



Wbj no tides in lakes and seas, 168 

lied IntncacroftheprobleiBof thetides, 1G9 
Ibl Atmoapiieric tide, . 160 



Chapter VIII — LanaiTtrDB. — Tidsi. 

Objects of the aneienta in stndyiDg 
astroDomf, . . .IE 

Ditto of the moderns, . . IS 

LoNoiTDDE.— Hov to fiod the difier- 
ecice of lonffitnde between two 
places, . . lli 

Mrihod by the Ckrmo—tter ezpiain- 



Elymalogroflbe vordplaaet, . I 
Planets known from aoLiqoitj, . 1' 
), recently discovered, . 1 

lary and Secondary Flauata di*- 

.-iRDuhed, . 1' 

Whole number of each, 



ed, . . . 1B8 laclioftttoD of their orbila. 



Bow to Del the chronometer ta 

Oreenwicb lime. 
Accuracy of same cbronometera, 
Objr-- ■-— 



Inferior and mperior pUneta dislin- 
jtuished, . . . ] 

___ >inereiiees among the planets, 1 

15S Diitaitett bom the ann id milea, 



IiODgiiade by eclipKCa explained, 15b Qrent dimensions of the planetary 



Lnnar Method of finding the loagi- 



: which render this 

method somewhat difficalt, 
DisadvtDtagra of this method. 
Degree oraccnracj aitainable, . 
Tr DCS.— defined, , 
Higb, Low, Spring, Neap, Flood 

and EU>b Tide, iieFerally defined, 161 
Similar tides on opposite sides of the 

earth .... 
InlerTBl between two sDccessive high 

tides, .... 
Aversige height for the whole globe, 
Extreme height, . 
Cajne of the tides, 
Eiplnin by fignre 66, 
Tide wave defined, 
Comparative effects of the no and 

mooa in raising the tide, 
Why the moon raises a higher tide 



ISgjHow long a railway car would r 



Spring tides accounted for. 

Heap tides, ditto. 

Fo#er of the snn or moon to raise 

the lids, in what ratio to ilsdis- 

Infinence of the declinations of the 

snn and moon on the tides, 
Explain from figures 57 and 5S, 
Motion of the tide wave not pro- 

Tuiesof rivers, narrow bays, how 

prodaced, 
Cotldal Unei defln«d, . 



Derintire and Primitln tides di»- 
tinguished, .16 

Velocity of the tide-wave, eiicnm- 
itances which affect it, . le 

Explain by figure 59, 



m 



^... . to cross the orbit of Uranns, 179 

16(1 I^w of the dinianees, ITS 

Uean disiancei, how determined, 1T9 

DiamtUn in miles, . . 173 

How Bxcertaiued, . 173 

PariodU tinui, 173 

Which, planets move most rapidly, 173 
Infkrioi Plinets. — Their proxun- 



olfaei 
Illustrate by figure 66, 
When id a planet said to be in con- 
junction, 
Inferior and superior conjnnctioDS 

distinguish Ml, 
Synod teal revolution of a planet de- 
Why its period exceeds that of the 

planet in its orbit, 
To ascertain the synodical period 

from the sidereal, 
9yDodicalperiuda of Mercnir and 



I of an Inferior planet de- 



174 
17» 



Molioi 



Explain from Ggtire 60, . 
When is an inferior planet statio 

ary 

Elongation of Mercury — whenst 

tiooarv . 
Ditto ofVenos, . 
Phases of Hercnry and Venna, 
16filDistaQCe of an inferior planet lio 

the sun, how fbnnd, 



,^,ooyn; 



Eceenlrteiiy of the orbit of M«r- 

DiiioorVeDoa, . . . 1 

Uosl fsTorable time for detertniaiDg 

tbe sidereal rcTolulioD Ufa planet, 1 
Wben.is an inferior plane i brigbi- 

ea, . . 1 

Times olihne reTolaiioaa oa their 

TeDiu,.ber brighlness, i 

Her conjuQcliooa with theauD ever; 

eigbljeara, . , 1 

Tsjins[tb of tbe iHrEBioa Flah- 

ETi defined, . 1 

Why a iranait does not occnr at 



-D May and Morember, and iboaa 
of V«Qua ID June aud December, I 

iBlerrals beiweeo (uccessive Iran- 
airs, boir foaad, . . I 

Wby transits -or Venax soioeliniei 
occur after an inuml of eight 
yeara 1 

Wbj iranailaareobjectt ofaomoch 
iulerrsl^ . 1 

Uaibod of Aading the ana's b onion- 
lal parall&z Sam the transit of 
Venoa 1 

Wb; diittatil place* are selected for 
obserring; it, '' 



M«aa difiiaace from ihe son. 

Inclination of bis orbit, 

Variation of btightoeta and magiii- 
lade, .... 

Explain the csnie ttom tgate BS, 

Phases of Mars, . 

Telescopic appearance, . 

RerolDiion on bis axis, . 

Spheroidal figore, 

JoFiTEB — ereat size, dismeler, 

BpheroidaT Sfcore, 

Rapid diamei revolation. 

Distance from ibesnn. 

Periodic time. 

Telescopic appearance, 

Wby BstroDomers regard Jopiier 
and bis moons with so mncn in- 
terest, . . ... 

Belts, Dimber, sitnation, cause, 



SaleUUa of Jupiter, number, sitw- 

. . . . 198 

•fthentellites, . 189 

Diameter, .189 

Disiances from the primary, > 189 
Ftgareoftbeii'orbiia, . . 190 

betr inclinaliuo to ibe pknet's 
eqaalor, 190 

beir eelipaes, bov they differ from 
Ibose of ibe tnoon, 190 

Their phenomena explained J>om 

figure 63, .191 

Sbaduv seen uaversiog Ibe disk of 

the primary, 199 

Satelliie itMlf seen on tbe disk, 19S 

rliable relalion between the 

tn motioiu of the ihiee first 

lliies, . . .193 

'quences of Ibis, . . 193 

Use of Ibe eclipses of Jupiter's aaiel- 

litea in finding the IriigilttiU, 193 

How it is adapted to this purpose, 193 
irfections of ibis method, 198 

/ not practised ai sea, . IM 

Discovery ol tbe progressive molion 

of light, hov made, . 194 

SiTimN, size, . . 194 

Number of Satellites, . . 194 

RiDg, double, . .194 

"^imensioiia of tbe ring in sereral 

particulars,. .195 

Representation in Ibe figure, (fron- 
tispiece,) m 
Proof that the ring is solid and 

opake, ■ . I9& 

Proof that the axis of rotation is 
perpendicular to the plane of the 
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195 



Period of rotation, . 

Compression of the poles, , 195 

Peculiar Bgure of tbe planet, . 196 
Parallelism of Ihe ring in ail pans 
of its revolutioD, 18C 

Insiration by a small disk and t 
lamp, ... .196 

186 DitTerent appearances of tbe riDg, 197 
"" Explain diagram 64 . .197 

Proof that the ring shines by reflect- 
ed light, . .198 
186 Revolution of the ring, . . 198 

186 Hnw asceitsiQed, 199 

187 Rings not concentric vith the planet, 198 
187 Advantages ofihis errangment, 199 

*>ppe*ranc« of the rings from ibe 
planet, 

\ateaUes, dimatice of the ■ 
from tbe planet, 
■escriptiun of the sBtelliii 
FsANus, distance and diar 
eriod of revolution, indiustion of 
its orbit, ... . snO 

Appearance of Ibe sun from Uranus, SOI 
"^ iryof its discovery, BOl 

JiJri, number, minnleness, 901 



199 
909 

900 
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AHAbTSia. 



XUl 



Discovery, 

Tbeoretie DOtioiu respecting the! 

origin, 
Rea-ioD or [heir names, . 
Their average disiance, 
Periodic Times, . 
loclioaiioiis of Iheir orbiti, 
Ecceolcicily of do. . 
Small si~ 



Reasons for delaTJng the coDtidera- 

(ion of the plnDelnry molioDS, 9 
Two methods of studf iog the celea- 



Paiiicalar appearance of the orbil of 
Mercnrjr, ,91 

Molual relalioDof the orbit of the 

earth and Mercnrj coasidered, 9 
Bow ihe moiioas of the other plan- 
eu differ from those of Mer- 
cury, . . .a 

Why is the ecliptic taken as the 
standard of reference, . 9 

Thexe paniculan necessary in or- 
der 10 represeni the actaal posi- 
tions of ibe planeiar; orbits, 9 

Why diagrams represent the orbJIs 
erroneously, as fif^nre 6a, 9 

Inadequate represeniaiionsorthe so- 
lar STsiem, . .9 

Bow the planets would be irnly rep- 
resented, . . .9 

Two reasons wbj the apparent mo- 
tions are onlike tbe real, . 9 

Explain figure GG, . . 9 

Motions of Venus conpared with 
those of Mercury, . 9 

Apparent molions of the superior 
planets, how far ihej are like and 
now unlike the iufeiior, . 3 

Ezplaiu figure 67. 



aoi Third Law, how modified by the 
301 qaaniily of mailer, . 91S 

SOI Eleneht*, their number, ■ 916 

201 EnunieraiioD of them, • 916 

Why we cannot find ibrm as we do 
S03 tboK of tbe moon and sun, • 916 
aoa'Firstnteps in the process, 316 

SOSlTo find the heliocentric longitude 
203 and latitude of a planet, figare 68, 917 
SQ3;Ta find the position of the nodes, 
nn^l .r.H it..i.,r^T..rmn figure 69, 918 
iml, . 91S 

wbeu aplaoei 

node, . . . 919 

Advantage of observations taken 

when a planet is io appoeiiioD, 919 
Periodic time, bow ascertained moat 

Bccnrstely, 990 

To find tbe major aiisof the plan- 
etary orbits, 990 
CoDStancy of Ihe major aiis, 991 
To find the place of the perihelion, 
figure 71, - 9S9 
o find the place of tbe planet in it* 
orbit at a particular epoch, S3S 
Tofindtbeeceeniricily, . 993 
Odaktitt or Mittei ik the Sitm 
mo Pl*nkt«.— How we leam 
tbe quantity of mailer in a body, S94 
Metbod bj means of the distances 
and periodic times of their satel- 
lites, . . . . 9B4 
Mans of the sun compared with that 

of tbe earth, 935 

Same resolt how deduced from ihe 

centrifngal force, - 99S 

Massofihe planets that have no sat- 

lelliies how loood, 99S 

Row the qoaulity of matter in bod- 
ies varies, . .996 
How tbeir deusities vary, • 996 
Enfereoces Irom tbe table of densities 
and specific graviiies of the plan- 
ets, . . .996 
Periarbatiom produced by the plai 



919 



Chapter XII. — Determination or tb 

PtiNBTABT ObBITB — EePLEh'b Dii 
COVCBIEB — ElEUEKTB OF THE OrBI 
OFApl.tHST — atriHTITT OP MaTTEH 
IN THE Son AND PLANBTS — StaBILI- 

TV OP THE Solas 8t*tsm. 

Flolemy's views of the figureof the 
planetary orbils, H 

Eepler'i! iovesligation of the mo- 
tions of Hais . . . i 

Bisiory of the discover]' of Kepler^ 
Laws, , . , i 



326 

rABiLiTT or niE Solab Ststbm. 

— Probability of derangement in 

the planetary molioos, . 997 

Acinal changes, 997 

Renull of the investigations of La 

Place and La Grange, SSa 

Important relation between ^real 

— «sea and small eecentricitus, 339 

Chapter XIII.— Combtb. 

Three parts of a eomet, . . 989 

Description, of each part, 999 

Nomber of comets, 930 

Six particniarly remarkable, 930 
Dilferences In Magnitude and 

brightness, ■ 931 
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Variaiions in the same cornel at dif- 

fereDi reiams, 
PeriiMl!! of comets, 
DisiaaceE oribeir apbelia, 
Froor that thejr sbine b; reflected 

liRhl, .... 
Changes in the tail at different dis- 
tances from tbe son, 
Sireciion rrom tbe SUB, . 
duantiiy of Mailer, 
Effect wbea ibef pass Teiy near ihe 

plaoei^i, . 

Proof that ther ponsist or mailer, 
How a comet's orbii may be enlirely 

changed, 
How ei.emplified in the cornel of 

ITTO, . . . . : 

Orbits ikd Motioh* of Coubti. 

— Nature of their Orbits, . : 

FiTeElemeats ofa Comei, 
InTesiif^tion or these elements, why 

Bodifliculi, . . . ! 

leneth of tbe major axis be 



CoNarci.i.ATiowa. — Arlea, bow re- 

coisTiiied, .tit 

Tiurui do.— Itrg;e«l •iir io Taortis, tit 
Uomini, — magnitude of .Cailor. of 
Pol'ui, . .246 

ineer, alze of iti din, Pneaepe, 248 
Lea, size, magnitude of Regoliu, 

■Irkle. Denebola, , 246 

Virgo, direction, Splca, Vindsmiatris, 34T 
Libra, hour dullnguished, S*7 

Scorpio, hit head how Ibmied, Anta- 



calcnlated 1 



How 






Elemeiilsof a comet, how ealcntaled, 238 
How a comet is knowD to be the 
le as one ihal has appeared be- 



Q Hatley's 



fore, 

Exemplified 

JUlurn in ISra, . 

Eoclte's comet, appearance in 1839, 

Proofs of a Resisting Mediam, . 

lis consequences, , . 

Physic'tl DBlure of comets. 

How iheir tails are supposed la be 

formed, 
Difficuliy of acconniing foi the di- 

reclioQoflhelHil, 
SuppositionofDelambre, 
Possibilii; of a comei's striking Ibe 

lostaoces of cornel's coming near 

tbe earib, ... 

Consequences of a collision, 



i.taU, . ta 

SBftitUriui, directioD^ from Seorpto, 

boir recognized, . . 247 

Capricomui, direcdoo Irom Sagitla- 

rlug, twoslln. . . .247 

Aquiriui, its ahoutdera, . 24T 

Piacei. ntuKiion, . 247 

Placii Aualralla, Fomalhant, . 247 

Andromeda, haw cbanclerixed. Hi- 

rach, Alimik, . .249 

Pemui, Algti, Algenlb, . 248 

*ur4g>, ailuation,— Capella. fta mag- 
ailude, .... 24S 

Lynx 2*8 

Leo Hfoor, aitultlon from Leo, >«8 

ConiB RereDieea, direcdoo from Leo, 

Cor Camlf, . . 248 

..jolea, Arrluma, Aia and color, 248 

^ Corooa BorealJa, where from Boolea, 
S^ figu™. ■ ■ . . 249 

^^ Herculea, nnmbcr of stars, great ei- 

^ Ophinchus, where from Herculea, 249 
*^ Aquila, Ihree slara, Allair, Andooua, 2(9 
„.„ DelphtnuB, fouratara, tail, 249 

Pegasus, four slara In a aquare, their 
namoa, .249 

' Uraa Minor, Pols-itar, Dipper, 2SQ 

Uraa Major, how recognized. Point- 
era, Aiioth, Mizar, 260 
' Draco, poallion with rei^ct to the 

Great aod Little Bear, . 250 

• Cephgua, where fiom the Dragon, 

alze of ita slara, . . SSO 



Chapter Ir— PixBD Srisa — Cohitellj 

Piiedsiars, whysocalled, , St 

Mn^niludea, bow man/ viaible to 

the naked eye, . .34: 

Wholenilmberofmagnitades, , 241 
Anliguitj of Ihe cunsiellations, . 34: 
Whether )be names are founded on 

resemblance, .041 

Names of Ibe individnal stars of a 

constellation , . . ,34' 

Catalogues of the alira, . 24i 

Nnmbers in different catalognes, 24( 
XJUlity of'aar(dD{ the conatellalloa^ iiu 



Lyra, largeat alar, 2si 

Cetui, ita exienl. Menkar, Hira, 251 

Orion, size and beauly, parts, . 261 
Cania Major, where from Orion, Sir- 

iua, . . . . MI 

CanlsMlnor.Proeyon, . . 261 

Hydra— aituation~Cor Hydra, . 202 

CorTU3,haw repreaenled, . 261 

er n. — Ci,i;aTKaB or Stars— Na> 
~s — Vabiabli Staes — Tbh- 
AKT Stams— UouBi.1 Stabs. 
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8(*nofConiiB*T«DieeiuidPraei«pfl, 

N mavi.x. — DefiiMd, 

EitniplM, 

Number In HerMbel'i CiIaloKU*, 

Hcncbal'f Vlewi of their Da lure, 

figures of nehulc, 

Nebuli Id the !<nord of OrioQ, 

MebiiloUl S art, iteGocd, Ggursi, 

Jlrmular ^tbula, tppeirence, ei 
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OiiTAirCBa or thi Fiixd 8ti.ri. 

-WliBt we Gin dettrmlne reipect- 
iK (he diBliDce of the neareil Mar, 261 
Bi*e line for meMurinK Ma dlHaace, 264 
Have ibe Man my paralKz i 2U 

264 Taking Itao panllai it 1", find the 



rnple. 
GaUiy or Milky Way, Herachgl'i 

itewsofil, 
Tabiablc Staki. — Etefintd, . 
Eliinpleaia o Cell uid Algol, 
TxMFOsAKT Stari. — Defined, 
Eiainplei, wby tilppuchui dui 

bered ihe utn, , 
Star* >een by the ■neients, noir mil 

Dauai.a Stars.— DeBued, eiai 
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DUUmce bctwec 
Co!oia or lome do 



r Star< 



the double ■ 



an 



dim 



nailer i 



264 
26* 



26S 



Diipules respecdng the panUix of 
Ihe llsrs, lira 

2BS To Gnd Ihe panlUx by matM of ib« 
"" doubls nan, . 265 

[iauCeneie of Ihe angle* e«tlmi(ed, 266 
ow the magnitude of Ihe iters Is af- 
fected hy lbs leleMiope, S6S 
ATVRK or THE Star*. — Magnl' 
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Ekuta.— Art. 84, Una 6, fiir nhiriuttd read added. 

153, *' SS, Ibr tattaardreaAiotttviaTd, 
218, " le, for or lead pit. 
On page 247, the place of Vtndtmiairix a iDcorrectlj ilated. It ihould be, 15° 
«M of DeneboU, and 20° north of Spica, in the ann of Virgo. 



XS^ Diagrams for pubUe recitationa. 



As many of tbe figures of this work are too complicated to be 
drawn od the black board at each recitation, we have found it 
rery convenient to provide a set of permanent cards of paste- 
board, on which the diagrams are inscribed on so lai^ a scale, aa 
to be distinctly visible in all parts of the lecture room. The let- 
ters may be either made with a pen, or better procured of the 
]«inter, and pasted on. 

The cards are made by the bookbinder, and consist of a thick 
pE^r board about 18 by 14 inches, on each ode of which a 
white sheet is pasted, with a neat fini^ around the edges. A 
loop attached to the top is convenieat for hanging the card on a 
nail. 

Cards of this description, containing diagrams for the whole 
course of mathematical and philosophical recitations, hare been 
pcOTided in Yale College, and are found a valuable part of our 
i^)paratas of instruction. 

Similar sets, drawn with neatness and elegance, by persons ac- 
customed to make them for Yale College, embracing all the fig- 
ures of the i»%3ent work, may be obtained by public Institutions 
OD application either to the author or the publishers, at an ex- 
pense of from twenty five to thirty dollars. 
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INTRODUCTION TO ASTRONOMY. 



PBXUHINlSr OBSIKTITIOMB. 

1. AsTviSOMiia thai science iDkichtreatt of the heavenlj/ bodies. 
More particularly, its object is to teach vhat is known respect- 

mgtbe Sun, Moon, Planets, Comets, and Fixed Stars; andalsoto 
explain the methods by which this knowledge is acquired. Astron- 
omy is sometimes divided into Descriptive, I^ysical, and Practi- 
cal. Descriptive Astronomy respects ./iicto; Physical Astronomy, 
causes ; Practical Astronomy, the means ofinvesHgating the facts, 
whether by instruments, or by calculation. It is the province of 
Descriptive Astronomy to obaerve, classify, and record, all the 
pheaomena of the heavenly bodies, whether pertaining to those 
bodies individiudly, or resulting from their motions and mutual 
relations. It is the part of Physical Astronomy to explain the 
causes of these jdienomena, by investigating and applying the 
general laws on which they depend ; especially by tracing out all 
the consequences of the law of universal gravitation, {practical 
Astronomy lends its aid to both the other departments. 

2. Astronomy is the most ancient of all the sciences. At a 
period of very high antiquity, it was cultivated in Egypt, in Chal- 
dea, in China, and in India. Such knowledge of the heavenly 
bodies as could be acquired by close and long continued observa- 
tion, without the aid of instruments, was diligently amassed ; and 
tables of the celestial motions were constructed, which could be 
used in predicting eclipses, and other astronomical phenomena. 

About 500 yef^s before the Christian era, Pythagoras, of 
Greece, taught astronomy at the celebrated school at Ccotona, and 
exhibited more conect views of the nature of the celestial mo- 
tions, than were entertained by any other astronomer of the an- 
cient world. His views, however, were not generally adopted, 
1 



PRELimSARr OBSEBTATIONS. 



but lay neglected for nearly 2000 years, when they were revived 
and established by Copernicus and Oalileo. The most celebrated 
astronomical school of antiquity, was at Alexandria in Egypt, 
which was established and sustained by the Ptolemies, (Egyptian 
princes,) about 300 years before the Christian era. The employ- 
ment of instruments for measuring angles, and bringing in trigo- 
nometrical calculations to aid the naked powers of observation, 
gave to the Alexandrian astronomers great advantages over all 
their predecessors. The most able astronomer of the Alexandrian 
school was Hipparckus, who was distinguished above all the an- 
cients for the accuracy of his astronomical measurements and 
determinations. The knowledge of astronomy possessed by the 
Alexandrian school, and recorded in the Almagest, or great work 
of Ptolemy, constituted the chief of what was known of our 
science during the middle ages, until the fifteenth and sixteenth 
centuries, when the labors of Coperniaia of Prussia, Tycho Brahe 
of Denmark, Kepler of Gennany, and Galileo of Italy, laid the 
solid foniidalions of modem astronomy. Copernicus expounded 
the true theory of the celestial motions ; Tycho Brahe carried 
the use of instruments and the art of astronomical observation to 
a far higher degree of accuracy than had ever been done before ; 
Kepler discovered the great laws of physical astronomy ; and 
Galileo, having first enjoyed the aid of the telescope, made innu- 
merable discoveries tn the solar system. Near the beginning of 
the eighteenth century. Sir Isaac Newton discovered, in the law 
of universal gravitation, the great principle that governs the ce- 
lestial motions J and recently, La Place has more fully completed 
what Newton begun, having followed out all the consequences of 
the laws of universal gravitation, in his great work, the Mecaa- 
ique Celeste. 

3. Among the ancients, astronomy was studied chiefly as sub- 
sidiary to astrology. Astrology was the art of divining future 
events by the stars. It was of two kinds, natural and judicial. 
Natural Astrology, aimed at predicting remarkable occurrences in 
the natural world, as earthquakes, volcanoes, tempests, and pesti- 
lential diseases. Judicial Astrology, aimed at foretelling the fates 
of individuals, or of empires. 
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4. Astronomers of every age, have been distinguished for their 
persevering industry, and their great love of accuracy. They 
have uniformly aspired to an exactuess in their inquiries, far be- 
yond what is aimed at in most geographical investigations, satis- 
fied with nothing short of numerical accuracy wherever this it 
attainable ; and years of toilsome observation, or laborious calcu- 
lation, have been spent' with the hope of attaining a few seconds 
nearer to the truth. Moreover, a severe but delightful t^>or is 
imposed on all, who would arrive at a clear and satisfactory knowl- 
edge of the subject of astronomy. Diagrams, artificial globes, 
orreries, and familiar comparisons and illustrations, proposed by 
the author or the instructor, may afibrd essential aid to the learner, 
but nothing can convey to him a perfect comprehension of the 
celestial motions, without much diligent study and reflection. 

5. In expounding the doctrines of astronomy, we do not, as in 
Geometry, claim that every thing shall be proved as soon as as- 
serted. We may first put the Jeamer in p(»session of the leading 
iacts of the science, and afterwards explain to him the methotjs 
by which those lacts were discovered, and by which they may 
be verified ; we may assume the principles of the true system of 
the world, and employ those principles in the explanation of many 
subordinate phenomena, while we reserve the discussion of the 
merits of the system itself, until the learner is extensively ac- 
quainted with astronomical facts, and therefore better able to ap- 
jweciate the evidence by which the system is established. 

6. The Copemican system is that which is held to be the tnie 
system of the world. It maintains (I,) That the apparent diur- 
nal revolution of the heavenly bodies, from east to west, is owing 
to the real revolution of the earth on its own axis from west to 
east, in the same time ; and (2,) That the sun is the center around 
which the earth and planets all revolve from west to east, con- 
trary to the opinion that the earth is the center of motion of the 
sun and planets. 

7. We shall treat, first, of the Earth in its astronomical rela-. 
tions; secondly, of the Solar System ; thirdly, of the Fixed Stars ; 
and fourthly, of Astronomical Observations and Calculations. 



PART I.^-Or THE EARTH. 



CHAPTER I. 



or THE riGIIBE Un> DIIIEII8I0N9 or THE EABTH, 

TEone or the sPHEac. 



8. The figwe of the .earth is nearly globular.- This fact is 
known, fitst, by the circular fonn of its ^udow cast upon the 
mo6a in a lunar eclipse ; secondly, from analogy, each of the 
other planets being seen to be sjAcrical ; thirdly, by our seeing 
the tops of distant objects while the other parts are invisible, as 
the topmast of a ship, while either tearing or approaching the 
^ore, or the lantern of a light-bouse, which when first descried 
at a distance at sea, appears to glimmer upon the very surface of 
the water ; fourthly, by the depressioQ or dip of the horizon whrai 
the spectator is on an eminence ; and, finally, by actual observa- 
tions and measurements, madO' for the express purpose of ascer- 
taining the figure of the earth, by means of which astronomers 
are enabled to compute the distances from the center of the earth 
of various places on its surface, which distances are fisund to be 
nearly equal. 



Fig.l. 



9. The Dip of the Horizon, is the 
apparent angular depression of the 
horizon, to a spectator elevated above 
the general level of the earth. The 
eye thus situated takes in more than a 
celestial hemisphere, the excess being 
the measure of the dip. 

Thus, in Fig. 1, let AO represent the 
height of a mountain, ZO the direction 
of the plumb line, HOR a line touch- 
ing the earth at the point O, and at 
right angles to the [dumb Une, C the 
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center of the earth, DAE the portion of the earth's surface seen 
from O ; OD, OE, lines drawn from the place of the spectator to 
the most distant ports of the horizon, and CD a radius of the earth. 
The dip of the horizon is the angle HOD or ROE. Now the 
angle made between the direction of the plumb line and that of 
the extreme line of the horizon or the surface of the sea, namely, 
the angle ZOD, can be easUy measured ; and subtracting the right 
angle ZOH from ZOD, the remainder is the dip of the horizon, 
from which the length of the hne OD may be calculated, the 
height of the spectator, that is, the line OA, being known. This 
length, to whaterer point of the horizon the line is drawn, is 
always found to be the same ; and hence it is inferred, that the 
boundary which limits the view on all sides, is a circle. Hon- 
over, at whatever elevation the dip of the horizon is taken, ia any 
part of the earth, the space seen by the spectator is always cir- 
cular. Hence the sur&ce of the earth is spherical. 

10. The earth being a sphere, the dip of the horizon HOD a 
OCD. Therefore, to find the dip of the horizon corresponding 
to any given height AO, (the diameter of the earth being known,) 
we have in the triangle OCD, the right angle at D, and the two 
sides CI^ CO, to find the angle OCD. Therefore, 

CO : lad. : :CD ; cos. OCD. Learning the dip corresponding 
to different altitudes, by giving to the line AO different values, 
we may arrange the results in a table. 

Table showing the Dip of the Horizon at different elevations, 
from 1 foQi to 100 feet. 
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443 
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9.20 
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3.25 


24 


449 


100 


9.51 



.(..tOU^IL' 



Q THE EiSTH. 

Such a table is of use in estimating the altitude of a body 
above the horizon, when the instnunent (as usually happens] is 
more or less elevated above the general level of the earth. For 
if it be a star whose altitude above the horizon is required, the 
instrument beiog situated at O, (Fig. 1,) the inquiry is how far 
the star is elevated above the level HOR, but the angle taken is 
that above the visible horizon OD. The dip, therefore, or the 
angle HOD, corresponding to the height of the point O, must be 
^btracted, to obtain the true altitude. On the Peak of Tenerifie, 
Humboldt observed the surface of the sea to be depressed on all 
sides nearly 2 degrees. The sun arose to him 12 minutes sooner 
than to an inhabitant of the plain ; and from the plain, the top of 
the mountain appeared etdightened 12 minutes before the rising 
or after the setting of the sun. 

11. The foregoing considerations show that the form of the 
earth is spherical ; but more exact determinations prove, that the 
earth, though nearly globular, is not exactly so : its diameter from 
the north to the south pole is about 26 miles less than throi:^ 
the equator, giving to the earth the fonn of an oblate spheroid,* 
oi a flattened sphere rambling an orange. We shall reserve the 
explanations of the methods by which this fact is established, 
until the learner is better prepared than at present to understand 
them. 

12. The mean or average rfiamrfero/'/AeeortA, is 7912.4 miles, 
a measure which the learner should fix in his memory as a stand- 
ard of comparison in astronomy, and of which he should endeavor 
to form the most adequate conception in his power. The circum- 
ference of the earth is about 24,000 miles (23'857.6).t Although 
the surface of the earth is uneven, sometimes rising in high moun- 
tains, and sometimes descending in deep valleys, yet these eleva- 
tions and depressions are so small in comparison with the Immense 

* An obtaie tphtroid is tbo solid doscribed b; tha reroluttoa of an ellipw about 
it! shorter axis, 

t It will generally be luffictent (o treaaiira up in ihe tDemoif the round tumiar; 
bat •ometimea, in utronomic*) calculatioiu, th« mor« «ucl nanber ma; be i»- 
qnirad, and it if Uiareibra inaorted. 
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volume of the gl<5be, as hardly to occasion any sensible deviation 
from a surface unifonnly curvilinear. The irregularities of the 
earth's surface, in this view, are no greater than the rough points 
on the rind of an orange, which do not perceptibly interrupt its 
continuity ; for the highest mountain od the globe ia only about 
five miles above the general level ; and the deepest mine hitherto 

B 1 

opened is only about half a mile.* Now fQ\o= f^S' or about 

one sixteen hundredth part of the whole diameter, an inequality 
which, in an artificial globe of eighteen inches diameter, amounts 
to only the eighty eighth part of an inch. 

13. The diameter of the earth, con- ^'f ^ 

sidered as a perfect sphere, may be de- 
termined by means of observations on 
a mountain of known elevation, seen 
in the horizon from the sea. Let BD 
(Fig. 2,) be a mountain of known 
height a, whose top is seen in the hori- 
zon by a spectator at A, b miles from it. 
Let X denote the mdius of the earth. 
ThenJM6'=(^+a)'=j:'+2oar+a». 

Hence, 2ax=b'—a', and ar= —5- — . For example, suppose the 
height of the mountain is- just one mile ; then it will be fomicl, 
by observatiou, to be visible on the horizon at the distance of 

b'-a' (89)»-l 7921-1 
89mile3 = 6. Hence, —^ — = — ^ — = — ^ = 3960 = 

radius of the earth, and 7920=the earth's dicuneter. 

- 14. Another method, and the most ancient, is to ascertain the 
distance on the surface of the earth, corresponding to a degree of 
latitude. Let us select two convenient places, one lying directly 
north of the other, whose difference of latitude is known. Sup- 
pose this difference to be 1° SCy, and the distance between the 
two places, as meastired by a chain, to be 104 miles. Then, 
since there are 360 degrees of latitude in the entire circumference, 

24960 
1° 30' : 104: :360o : 24960. And 334X6=''9*^ 

' Sit John Heracliel. 
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The foT^noing approximations are sufficient to show that the 
earth is about 6,000 miles in diameter. 

15. The greatest difficulty in the way of acquiring correct 
views in astronomy, arises ftom the erroneous notjous that pre- 
occupy the miod. To t^rest himself of these, the learner should 
conceive of the earth as a huge globe occupying a smaU portion 
of space, and encircled on all sides with the starry sii^ere. He 
should free his mind from its habitual proneness to conader one 
part of space as naturally up and another down, and view him- 
self as subject to a force which binds him to the earth as truly as 
though he were fastened to it by some invisible cords or wires, as 
the needle attaches itself to all sides of a spherical loadstotie. He 



Fig- 3. 




should dwell on this point until it appears to him as truly vp in 
the direction of BBf, CC, DIK, (Pig. 3,) when he is at B, C, and 
D, respectively, as in the direction AA' when he is at A. 

DOCTRINZ OF THE EFHeBE. 

16. The definitions of the different hues, points, and circles, 
which are used in astronomy, and the propositions founded upon 
them, compose \ha Doctrine of the Sphere.* 

* It is pmamed thalniBn; of those whorexl thia work, will have sludiad Sphet- 
ical Gaometrj ; but it U ki imporunt to tha itodent at tMronamy to have a cleu 
idaa «f the circlM of the tphere, that it ia ihoaghl Imm to introdnca tli«iii here. 
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17. A section of a sphere by a plane cutting it in any manner, 
is a circle. Great circles are those which pass through the center 
of the sphere, and divide it into two equal hemispheres : Small 
circles, are such as do not pass through the center, but divide the 
sphere into two unequal parts. Every circle, whether great ot 
Rnall, is divided into 360 equal parts called degrees. A d^ree, 
therefore, is not any fixed or definite quantity, but only a certain 
aliquot part of any circle. 

18. The axis of a circle, is a straight line passing through its 
center at right angles to its plane. 

- 1 9. The pole of a great circle, is the pouit on die sphere where 
its axis cuts through the sphere. Every great circle has two 
poles, each of which is every where 90° from the great circle. 
For, the measure of an angle at the center of a sphere, is the 
arc of a great circle intercepted between the two lines that con- 
tain the angle ; and, since the angle made by the. axis and any 
radius of the circle is a right angle, consequently its measure on 
the sphere, namely, the distance from the pole to the circumfer- 
ence of the circle, must be 9QP. If two great circles cut each 
other at right angles, the poles of each circle lie in the circum- 
ference of the other circle. For each circle passes through the 
axis of the other. 

20. All great circles of the sphere cut each other in two pointi 
■ diametrically opposite, and consequently, their points of section 

are 1S0° apart. For the line of common section, is a diameter 
in both circles, and ttierefore bisects both. 

21. A great circle which passes through the pole of another 
great circle, cuts the latter at right angles. For, since it passes 
through the pde and the center of the circle, it must pass through 
the axis ; which being at right angles to the plane of the circle, 
every plane which passes through it is at right angles to the same 
plane. 

The great circle which passes through the pole of another great 
circle and is at right angles to it, is called a secondary to that circle. 



..Google 



10 THE EARTH. 

2S3^ The angle made by two great circles on the surface of the 
ffjdiere, is measured by the an: of another great circle, of which 
the nDgular point is the pole, being the arc of that great circle 
mtefcepted betireen those two circles. For this arc is the mea^ 
nre of the angle formed t the center of the sphere by two radii, 
drawn at right angles to the line of common section of the two 
eircles, one in one {i^ane and the other in the other, which angle 
is therefore that of the incUnalioa of those planes. 

83. In order to fix the position of any plane, either on the siu^ 
fac^ of the earth of in the bearens, both the earth and the heav- 
ens are conceived to be divided into separate portions by circles, 
which are imagined to cut through them in various ways. The 
earth thus intersected is called the terreairud, and the heavens the 
celestial sphere. The learner will remark, that thesecircles have 
no existence in nature, but ate mere landmaiks, artificially caa- 
trived for convenience of reference. On account of the immense 
distance of the heavenly bodies, they appear to us, wherever we 
are placed, to be fixed in the same concave surface, or celestial 
vault. The great circles of the globe, extended every way to 
meet the concave surface of the heavens, become circles of the 
celestial sphere. 

24. The Horizon is the great circle which divides the earth 
into upper and lower hemispheres, and sepaiatea the visible heav- 
eiM from the iavisible. This is the rational horizon. The wn- 
sible horizon, is a circle touching the earth at the place ef the 
spectator, and is bounded by the line in which the earth and skies 
seem to meet. The sensible horizon is parallel to the rational, 
but is distant from it by the semi-diameter of the earth, or nearly 
4,000 miles. StQl, so vast is the distance of the Btairy ^here, 
that both these planes appear to cut that sphere in the same line ; 
so that we see the same hemisphere of stars that we should see if 
the vpper half of the earth were removed, and we stood on the 
rational horizon. 

25. The poles of the horizon are the zenith and nadir. The 
Zaiiik is the point directly over our head, and the NacUr that di- 
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nctljr under our feet The plumb line is in the nxis o{ the hori- 
zon, and consequently directed towards its poles. 

Every place on the surface of the earth has its own horizon ; 
and the traveller has a new horizon at every step, always ezttiod- 
ing 90 degrees from him in all directions. 

26. Vertical ch-ctea are those which pass through the poles of 
the horizon, perpendicular to it. 

The Meri^n is that vertical circle which passes through the 
north and south points. 

The Prime Vertical, is that vertical circle which peases through 
the east and west points. 

27. As in geometry, we detomine the position of any point by 
means of rectangular coordinates, or perpendiculars drawn from - 
the point to planes at right angles to each other, so in astron- 
omy we ascertain the place of a body, as a fixed star, by taking 
its angular distance from two great circles, one of which is per- 
pendicular to the other. The horizon and the meridian, or the 
horizon and tha prime vertical, are coordinate circles used for such 
measurements. 

The Altitude of a body, is its elevatirai above the hoiivm, 
measnred on a vertical circla •• 

The Aximutk of a body, is its distance measured on tha hori- 
zon from the meridian to a vertic^ circle passing through the body. 

The Amplitude of a body, is its distance on the horizon, from 
the prime vertical, to a vertical circle passing through the body. 

Azimuth ia reckoned 90° fnHn either the north or aouth point ; 
and amplitude 90^^ from either the east or west point Azimuth 
and amfditude are mutually complements of each other. When a 
point is on the horizon, it is only necessary to count the number 
of degrees of the horizon between that point and the meridian, 
in order to find its azimuth ; but if the point is i^xme the horizon, 
then its azimuth is estimated by passing a vertical circle through 
it, and reckoning the azimuth from the point where this circle 
cuts the horizon. 

The Zemth Distance of a body is measured on a vertical cir- 
cle, passing through that body. It is the complement of the 
altitude. 
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28. The Axis of the Earth is the diameter, on which the earth 
is conceived to turn in its diumal revolution. The same line con- 
tinued until it meets the starry concave, constitutes the axis of the 
celettial sphere. 

The Poles of the Earth are the extremities of the earth's axis : 
the Poles tf the Heavens, the extremities of the celestiai axis. 

29. The Equator is a great circle cutting the axis of the earth 
at right angles. Hence the axis of the earth is the axis of the 
equator, and ita poles are the poles of the equator. The intersec- 
tion of the plane of the equator with the surface of the earth, 
constitutes the terrestrial, and with the concave sphere of the 
heavens, the cefesfia/ equator. The tatter, by way of distinction, 
is sometimes denominated the eqmnaetial. 

30. The secondaries to the equator, that is, the great circles 
passing through the poles of the equator, are called Meridians, 
because that secondary which passes through the zenith of any 
place is the meridian of that place, and is at right angles both to 
the equator and the horizon, passing as it does through the poles 
of both. These secondahes are also called How Circles, because 
the arcs of the equator intercepted between them are used as 
measures of time. 

31. The Latitude of a place on the earth, is its distance from 
the equator north or south. The Polar Distance, or angular 
distance itom the neaiest pole, is the complement of the latitude. 

32. The Longitude of a place is its distance from some stand- 
ard meridian, either east or west, measured on the equator. The 
meridian usually taken as the standard, is that of the Observatory 
of Greenwich, in London. If a place is directly on the equator, 
we have only to inquire how many degrees of the equator there 
are between that place and the point where the meridian of Green- 
wich cuts the equator. If the place is north or south of the equa- 
tor, then its longitude is the arc of the equator intercepted between 
the meridian which passes through the place, and the meridian of 
Gieenwich. • 
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33. The EeUptie is a great circle in which the earth performs 
its annual revolution around the sun. It passes through the center 
of the earth and the center of the sun. It is found by obsenra- 
tion that the earth does not lie with its asis at right angles to the 
plane of the ecliptic, but that it is turned about 23 j degrees out of 
a perpendicular direction, making an angle with the plane itself of 
66^°. The equator, theref^g^iust be turned the same distance 
out of a coincidence with ^^Hcliptic, the two circles making 
on angle with each other V^H'^- It is particularly important 
for the learner to form correct ideas of the ecliptic, and of its re- 
lations to the equator, since to these two circles a great numbei 
of astronomical meastuements and pbenoioena are referred. 

34. The Equinoctial Points, or Equinoxes* are the intersec- 
tions of the ecliptic and equator. The time when the sun crosses 
the equator in returning northward is called the vernal, and in 
going southward, the autitmnal equinox. The vernal equinox 
occurs about the Slst of March, and the autumnal the SSid of 
September. 

36. The Solstitial Points are the two points of the ecliptic 
most distant from the equator. The times when the sun comes 
to them are called solstices. The summer solstice occurs about 
the 22d of June, and the winter solstice about the 22d of De- ' 
cember. 

The ecliptic is divided into twelve equal parts of 30° each, 
called s^Tts, which, beginning at the vernal equinox, succeed each 
other in the following order : 

JforUtem. SmOktm. 

1. Aries T 7. Libra ^ 

2. Taurus 8 8. Scorpio fll 

3. Gemini n 9. Sagittarius / 

4. Cancer S 10. Capricornus \s 
fi. Leo ft 11. Aquarius .iT 
6. Virgo i»E 12. Pisces X ■ 

* The term Equinoxes >tricil7 deootei ih« rime* when the «un axn^m at the 
•qainoctial poiat*, but itU >Imi &«qUBUly lued to denote tboae pointe UHi™eW«e. 
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The mode of reckotdng on the ecliptic, is b; signs, degrees, 
minutes, and seconds. The sign is denoted ei^er by its name 
or its number. Thus 100° may be exfressed either as the lOth 
degiee of Cancer, or as 3* 10^. 

36. Of the varioua meridians, two are disdnguished by the 
name of Colures. The Equinoctuj^Mure, is the meridian which 
passes through the equinoctial p^^^ From this meridian, r^ht 
ascension and celestial longitudni^TO^koned, as longitude on the 
earth is reckoned from the meridian of Greenwich. The Solsli- 
Hat Colure, is the meridian which passes throagh the solautial 
points. As the solstitial points are 90° from the equinoctial points, 
80 the solstitial colure is 90° from the equinoctial colure. It is 
also at right angles, or a secondary, to both the ecliptic and equa- 
tor. For, like every other meridian, it is of course perpendicular 
to the equator, passing through its poles. Moreover, the equi- 
nox, being a point both in the equator and in the ecliptic, is 90° 
&om the solstice, from the pole of the equator, and from the pole ■ 
of the ecliptic. Hence the solstitial colure, which passes through 
the solstice and the pole of the equ^or, passes also through 
the pole of the ecliptic, being the great circle of which the equi- 
nox itself is the pol^ Consequently, the solstitial colure is a 
secondary to both the equator and the ecUptic. (See Arts. 19, 
20, 21.) 

37. The poation of a celestial body is referred to the equator 
by its right ascension and declination. (See Art. 27.) Hight 
Ascension, is the angular distance from the vernal equinox, meas- 
ured on the equator. If a star is situated on the equator, then its 
right ascension is the number of degrees of the equator between, 
the star and the vernal equinox. But if the star is north or south 
of the equator, then its right ascension is the arc of the equator 
intercepted between the vernal equinox and that secondary to the 
equator which passes through the star. DedinatUm is the dis- 
tance of a body from the equator, measured on a secondary to the 
latter. Therefore, right ascension and declination correspond to 
terrestrial longitude and latitiide, right ascension being reckoned 
from the equinoctial colure, in the same manner at limgitude if 
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leckooed from the meridiaa of Greenwich. On the other hand, 
eeleetiBl loogitude and latitude are refeired, not to the eqnator, 
but to the ecliptic. Celestial L<mgilude{'ia the distance of a body 
from the remal equinox reckoned on the ecliptic. Celeatial hai- 
Uude/is distance from the ecliptic measured on a secondary to the 
latter. J Or, more briefly, Longitude ia distance on the ecliptic ; 
Latitude, distance /rmn the ecUptic. The North Polar Diatanee 
of a star, is the complement of its declination. 

38. ParaUeU of Latitude are sa^l 
circles parallel to the equator. They 
comtantly diminish in size as we go 
from the equator to the pole, the ra- 
dius being always eqnal to the cosine 
of the latitude. In fig. 4, let HO be "f 
the horizon, EQ. the equator, PP (he 
axis of the earth, ZN the prime vet' 
tical, and ZL a parallel of latitude of 
anyplace Z. Then ZE is the lati- 
tude, (Art. 31. ] and ZP the complement of the latitude ; but Zrt 
the radius of the parallel of latitude ZL, is the sine of ZP, and 
therefore the cosine of the latitude. 

39. The TYopics are the parallels of latitude that pass throngh 
the sol^ices. The northern tropic is called the tropic of Cancer ; 
the southern, the tropic of Cajnicom. 

.40. The Polar Circlea are the parallels of latitude that pass 
through the poles of the ecliptic, at the distance of 23^ degrees 
from the pole of the earth. (Art. 33.) 

41. The earth is divided into five zones. That portion of the 
earth which lies between the tropics, is called the Torrid Zone; 
that between the tropics and polar circles, the Temperate Zones ; 
and that between the polar circles and the poles, the Frigid 
Zona. 

4!3. The Zodiac is the port of the celestial a[^eie which liea 
about 8 degrees on each side of the ediptic. This portion of the 
heavens is thus maxked off by itself, because all the planets moro 
within it. 

»-. ■ 
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, 43. The elevation rf the poie is eqwtlto the latitude of the plane. 
The are PE (Pig. 4.)-=Z0.-.P0=ZE which equals the Uti- 
tude. 

44. The devcUion of the equator m equal to the complement of 
the latitude. 

2H=90o. But ZE=Du..-.EH=90^Lat. 

45. The distance of any place from the pole {or the polar dis- 
tance) eqtuxls the complement of the latitude. 

EP=9(P. ButEZ=Lat..-.2P-=90-Lat 



CHAPTER II. 

DIUBnAI. ItZTOi;irnON ^artificial closes ASTBONOMICAL 

FHOBLEUa. 

46. The apparent diarnal revolution of the heavenly bodies 
from east to west, is owing to the actual revolution of the earth 
on its own axis from west to east. If we conceive of a tadius of 
the earth's equator extended until it meets the concave sphere of 
the heavens, then as the earth revolves, the extremity of this line 
would-trace out a curve on the face of the sky, namely, the celes- 
tial equator. In curves parallel to this, called the circles of diurnal 
revolution, the heavenly bodies actually appear to move, every star 
having its own peculiar circle. After the learner has first rendered 
familar the real motions of Uie earth from west to east, he may then, 
without danger of misconception, adopt the common language, 
that all the heavenly bodies revolve around the earth once a day 
from east to west, in circles parallel to the equator and to each other. 

47. The time occupied by a star in passing from any point in 
the meridian until it comes round to the same pmnt again, is called 
a sidereal day, and measures the period of the earth's revolution 
on its axis. If we w^ch the returns of the same star from day to 
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day, we shall find the intervals exactly equal to one another ; 
that is, the sidereal days are ail equal* Whatever star we select 
for the observatioD, the same result will be obtained. The stani, 
therefore, always keep the same relative positioQ, and have a 
cotomoQ movement round the earth, — a consequence that natu- 
rally flows firom the hypothesis, that their apparent motion is all 
produced by a single real motion, namely, that of the earth. The 
son, moon, and planets, as well the fixed stars, revolve in like 
maimer, but their returns to the meridian are not, Uke those of the 
fixed stars, at exactly equal intervals. 

48. The appearances of the diurnal motions of the heavenly 
bodies are different in different parts of the earth, since every 
place has its own horizon, (Art. 15,) and different horizons are 
variously inclined to each other. Let us suppose the spectator 
viewii^ the diurnal revolutions from several different positions on 
the earth. 

49. On the equator, his horizon would pass through both poles ; 
for the horizon cuts the celestial vault at 90 degrees in every di- 
rection from the zenith of the spectator ; but the pole is likewise 
9U degrees from his zenith, and consequently, the pole must be 
in the horizon. The celestial equator would coincide with the 
Prime Vertical, being a great circle passing through the east and 
west points. Since all the diurnal circles are parallel to the equa- 
tcHT, consequently, Uiey would all, like the equator, be perpendic- 
ular to the horizon. Such a view of the heavenly bodies, is 
called a right sphere ; or, 

A Right Sphebx is one in which all the daily revolutions of 
the stars, are in circles perpendicular to the horizon, 

A right sphere is seen only at the equator. Any star situated 
in the celestial equator, would appear to rise directly in the east, 
at noon to be in the zenith of the spectator, and to set directly in 
the west ; in proportion as stars are at a greater distance from the - 
equator towards the pole, they describe smaller and smaller circles, 
until, near the pole, their motion is hardly perceptible. Every star 
remains an equal time above and below the horizon ; and since the 

■ Allowance U hen MppoMd U b« made for the «flecM of piocMuon, &«. 

3 
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times of their rerolutione are equal, the velocities are as the lengUis 
of the circles they describe. Consequently, as the stars are more 
lemote from the equator towards the pole, their motions become 
slower, until, at the pole, the uorth star appears stationary. 

60. If the spectator advances one degree towards the north 
pole, his horizon reaches one degree beyond the pole of the earth, 
and cuts the starry sfrfiere one degree below the pole of the heav- 
ens, or below the north star, if that be taken as the place of the 
pole. As be moves onward towards the pole, his horizon ccmtia- 
ually reaches farther and farther beyond it, tmtil when he comes 
to the pole of the earth, and under the pole of the heavens, his 
horizon reaches on all sides to the equator and coincides with it. 
Moreover, since all the circles of daily motion are parallel to the 
equator, they become, to the spectator at the pole, parallel to the 
horizon. This is what constitutes a parallel sphere. Or, 

^ Paballel Sphere is that in wMch aU ike drclea of daily 
motion are parallel to the horizon. 

61. To reader this view of the heavens ^imiliai, the learner 
should follow round in his mind a number of separate stars, one 
near the horizon, one a few degrees above it, and a third near the 
zenith. To one who stood upon the north pole, the stars of the 
northern hemisphere would all be perpetually in view when not 
obscured by clouds or lost in the sun's tight, and none of those of 
the southern hemisphere would ever be seen. The sun would 
be constantly above the horizon for six months in the year, and 
the remaining six constantly out of sight That is, at the pole 
the days and nights are each six months long. The phenomena 
at the south pole are similar to those at the north. 

62. A perfect parallel sphere can never be seen except at one 
of the poles, — a point which has never been actually reached by 
man j yet the Britbh discovery ships penetrated within a few de- 
grees of the north pole, and of course enjoyed the view of a 
sphere nearly parallel. 

63. As the circles of daily motion are parallel to the horizon of 
the pole, and perpendicular to that of the equator, so at all i^es 



,^,ooyn; 



19 

between the two, the diurnal motions aic oblique to the horizon. 
This aspect of the hearens constitutes on oblique sphere, which 
is thus defined : 

An Oblkids Sphehe is tkeU in vkick the circles of daily mo- 
tion are oblique to the fumzon. 

Suppose for example the spectator is at the latitude of £fly de- 
grees. Hia horizon reaches 50^ beyond the pole of the earth, and 
gives the same apparent elevation to the pole of the heavens. It 
cuts the equator, and all the circles of daily motion, at an angle 
of 40°, beii^ always equal to the 
co-altitude of the pole. Thus, 
let HO (Pig. 5,) represent the 
horiHHi, BQ, the equator, and 
PF the axis of the earth. Also, 
il, mm, dec. parallels of latitude. 
Then the horizon of a spectator 
at Z, in latitude 50° reaches to 
&(P beyond the pole {Art. 60); 
and the angle ECH, is 40°. As 
we advance still ferther north 
the elevation of the diurnal cir- 
cles grows less and less, and consequently the motions of the 
heavenly bodies more and more oblique, until finally, at the pole, 
where the latitude is 90°, the angle of elevation of the equator 
Tanishes, and the horizon and equator coincide with each other, 
as before stated. 




64. The ciscLE or pehpethal apparition, is the boundary of 
that space around the elevated pole, where the stars never set. 
Its distance from the pole is equal to the latitude of the place. 
For, since the altitude of the pole is equal to the latitude, a star 
whose polar distance is just equal to the latitude, will when at its 
lowest point only just reach the horizon ; and all the stars nearer 
the pole than this will evidently not descend so far as the horizon. 

Thus, man (Pig. 6,) is the circle of perpetual apparation, be- 
tween which and the north pole, the stars never set, and its dis- 
tance from the pole OP is evidently equal to the elevation of the 
pole, and of course to the latitude. 
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66. In the opposite hemisphere, a similar part of the sphere 
adjacent to the depressed pole never rifes. Hence, 

The ciitci.E or perpetual occultation, is the boundary of that 
apace around the depressed pale, within which ihe stars never rise. 
Thns, m' m! (Fig. 6,) is the circle of perpetual occultation, be- 
tween which and the soath pole, the stars never rise. 

66. In an oblique sphere, the horizon cuts the circles of daily 
motion unequally. Towards the elevated pole, more than half 
the circle is above the horizon, and a greater and greater portion 
as the distance from the equator is increased, until finally, within 
the circle of perpetu^ apparition, the whole circle is above the 
horizon. Just the opposite takes place in the hemisphere next 
the depressed pole. Accordingly, when the sun is in ^e equator, 
as the equator and horizon, like all other great circles of the 
sphere, bisect each other, the days and nights are equal all over 
the globe. But when the sun is north oi the equator, the days 
becotne longer than the nights, but shorter when the sun is 
south of the equator. Moreover, the higher the latitude, the 
greater is the inequality in the lengths of the- days and nights. 
All these points will be readily understood by inspecting figure 5. 

67. Most of the phenomena of the diurnal revolution can be 
explained, either ,on the supposition that the celestial sphere actu- 
ally all turns around the earth once in 24 hours, or that this mo- 
tion of the heavens is merely apparent, arising from the revolu- 
tion of the earth on its axis in the opposite direction, — a motion 
of which we are insensible, as we sometimes lose the conscious- 
ness of our own motion in a ship or a steam boat, and observe all 
external objects to be receding from us with a common motion. 
Proofs entirely conclusive and satisffortory, establish the fact, that 
it Is the earth and not the celestial sphere that turns ; but these 
proofs are drawn from various sources, and the student is not pre- 
pared to appreciate their value, or even to understand some of 
them,, until he has made considerable proficiency in the study of 
astronomy, and become familiar with a great variety of astronom- 
ical phenomena. To such a period of our course of instruction, 
we therefore postpone the discussion of the hypothesis of the 
earth's rotation on its axis. 
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58. While we retain the same place on the earth, the diumal 
revolution occasions no change in our horizon, but our horizon 
goes round as well as ourselves. Let us first take our station on 
the equator at sunrise ; our horizon now passes throi^h both the 
]>oles, and through the sun, which we are to conceive of as at a 
great distance from the earth, and therefore as cut, not by the 
terrestrial but by the celestial horizon. As the earth turns, the 
horizon dips more and more below the sun, at the rate of 15 de- 
grees for every hour, and, as in the case of the poli^ star, the sun 
appears to rise at the same rate. In six hours, therefoie, it is de- 
pressed 90 degrees below the sun, which brings us directly under 
the sun, which, for our present purpose, we may consider as liav- 
ing all the while maintained the same fixed positiou in space. 
The earth continues to turn, and in six hours more, it completely 
reverses the position of our horizon, so that the western part of 
the horizon whtch at sunrise was diametrically opposite to the 
sun now cuts the sun, and soon afterwards it rises above the level 
of the sun, and the sun sets. During the next twelve hours, the 
sun continues on the invisible side of the sphere, until the hori- 
zon returns to the position from which it started, and a new day 



59. Let us next contemplate the similar phenomena at the poles. 
Here the horizon, coinciding as it does with the equator, would 
cut the sun through its center, and the sun would appear to re- 
volve along the surface of the sea, one half above and the otheir 
half below the horizon. This supposes the sun in its annual 
revolution to be nt one of the equinoxes. When the sun is north 
of the equator, it revolves continually round in a circle which, 
during a single revolution, iq]pears parallel to the equator, and it 
is constantly day ; and when the sun is south of the equator, it is, 
for the same reason, continual night. 

60. We have endeavored to conceive of the manner in which 
the apparent diumal movements of the sun are really produced at 
two stations, namely, in the right sphere, and in the parallel sphere. 
These two cases being clearly understood, there will be little dif- 
ficulty in applying a similar explanation to an oblique sphere. 
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61. Artificial globes an of two kinds, terrestrial and celestial. 
The first exhibits a miniature lepresentatioD of the eaith ; the 
second, of the visible heavens ; and both show the various circles 
by which the two spheres are respectively traversed. Since all 
globes are similar solid figures, a small globe, imagined to be sit- 
uated at the center of the earth or of the celestial vault, may rep- 
resent all the visible objects and artificial divisions of either sphere, 
and with great accuracy and just proportiona, thoi^h on a scale 
greatly reduced. The study of artificial globes, therefore, cannot 
be too strongly recommended to the student of astronomy.* 

62. An artificial globe is encompassed from north to south by 
a strong brass ring to represent the meridian of the place. This 
ring is made fast to the two poles and thus supports the globe, 
while it is itself supported in a vertical position by means of a 
frame, the ring being usually let into a socket in which it may be 
easily slid, so as to give any required elevation to the pole. The 
brass meridian is graduated each way from the equator to the 
pole 90°, to measure degrees of latitude or declination, according 
as the distance from the equator refers to a point on the earth or 
in th« heavens. The horizon is represented by a broad zone, made 
broad for the convenience of carrying on it a circle of azimuth, an- 
other of amplitude, and a wide space on which are delineated the 
signs of the ecliptic, and the sun's place for every day in the year ; 
not because these points have any special connexion with the hori- 
zon, but because this broad surface furnishes a convenient place 
for recording them. 

63, Hour Circles are represented on the terrestrial globe by 
great circles drawn through the pole of the equator ; but, on the 
celestial globe, corresponding circles pass through the poles of the 
ecliptic, constituting circles of latHude, while the brass meridian, 



■ It nere desirable, ipdeed, that eyerj itudeal of ihe acience should hive tha 
ce1«ili»l globe at leaat, conatuidj before him. One of a amsll lize, u eight or 
nins inche*, will answer the purpoM, alihough globes of the*e dimensiona can not 
luualty be relied od fbr □: 
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being a secondary to the equinoctial, becomes an hoar circle of 
any stw which, by turning the globe, is brought under it. 

61. The Hour Index is a small circle described around the pole 
of the equat(», on which are marked the hours of the day. As 
this circle turns along with the globe, it makes a ctHOfdete revo- 
lution in the same time with the equator ; or, for any less period, 
the same number of degrees of this circle and of the equator pass 
under the meriditm. Hence the hour index measures arcs of 
right ascension. 

65. The Quadrant of Altitude is a flexible strip of brass, grad- 
nated into ninety equal parts, corresponding in length to degrees 
on the globe, so that when applied to the globe and bent so as 
closely to fit its surface, it measures the angular distance between 
any two points. When the zero, or the point where the gradua- 
tion begins, is laid on the pole of any great circle, the 90tb d^ree 
will reach to the circumference of that circle, and being therefore 
a great circle passing th'roi^h the pole of another great circle, it 
becomes a secondary to the latter. (Art. 21.) Thus the quadrant 
of altitude may be used as a secondary to any great circle on the 
8[Aore ; but it is used chiefly as a secondary to the horizon, the 
point marked 90° being screwed fast to the pole of the horizon, 
that is, tbe zenith, and the other end, marked 0, being shd along 
between the surface of the sphere and the wooden horizon. It 
thus becomes a vertical circle, on which to measure the altitude 
of any tXdx through which it passes, or from which to measure 
the azimuth of the star, which is the arc of the horizon inter- 
cepted between the meridian and the quadrant of altitude passing 
through the star, (Art. 27.) 

66. To rectify the ghbe for anyplace, the north pole must be 
elevated to the latitude of the place (Art. 43); tben tbe equator 
and all the diurnal circles will have their due inclination in respect 
(o the horizon ; and, on turning tbe globe, every point on either 
globe will revolve as the same point does in nature ; and the rela- 
tive situations of all places will be the same as on the native 
spheres. 
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67. To find the Latitude and Longitude of a place : Turn the 
globe 80 as to bring the place to the brass meridian ; then the 
degree and nunute on the meridian directly orer the place will 
indicate its latitude, and the point of the equator under the me- 
ridian, will show its longitude. 

Ex. What is the Latitude and Longitude of the city of New 
York? 

68. To find a, place having ita latitude and longitude given : 
Bring to the brass meridian the point of the equator corresponding 
to the longitude, and then at the degree of the meridian denoting 
the latitude, the place will be found. 

Ex. What place on the globe is in Latitude 39 N. and Longi- 
tude 77 W. > 

69. Tofindtke ieartJig and distance of two places : Rectify 
the globe for one of the places (Art. 66) ; screw the quadrant of 
altitude to the zenith,* and let it pass through the other place. 
Then the azimuth will give the bearing of the second place from 
the first, and the number of degrees on the quadrant of altitude, 
multiplied by 69, (the number of miles in a degree,) will give 
the distance between the two places. 

Ex. What is the bearing of New Orleans from New York, and 
what is the distance between these plac^ ? 

70. To determine the difference of time in different places : 
Bring the place that Ues eastward of the other to the meridian, 
and set the hour index at XII. Turn the globe eastward until 
the other place comes to the meridian, then the index will point 
to the hour required. 

Ex. When it is noon at New York, what time is it at London ? 

71. The how being given at any place, to tell what hour it is 
in any other part of the world : Bring the given place to the 
meridian, and set the hour index to the given time ; then turn the 

" The lenitb irill of coorw be tlie point of th« iDeridtaii orer the place 
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globe, until the other place comes under the meridian, and the 
index vill point to the required hour. 

Ex. What time is it at Canton, in China, when it is 9 o'clock 
A. M. at New York ? 

72. To find the anUea* the pen€Bti,\ and the antipodeii. of 
any place: Bring the given place to the meridian ; then in the 
opposite hemisphere, in the same degree of latitude, will be found 
the antceci. 7^e same place remaining tmdec the meridian, set 
the index to XII, and turn the globe until the other XII is under 
the index; then the periosci will be on the meridian under the 
same degree of latitude with the given plane, and the antipodes 
will be under the moridian, in the same latitude, in the "opposite 
hemisphere. 

Ex. Find the antoeci, the perioeci, and the antipodes of the 
citizens of New York. 

The anKBci have the same hour of the day, but different seasons 
of the year ; the periceci have the same seasons, but opposite hours ; 
and the antipodes have both opposite hours and opposite seasons. 

73. To roeti/y the globe for the sun's place : On the wooden 
horizon, find the day of the month, and against it is given the 
the auu's place in the ecliptic, ex[»^ssed by signs ai^d degrees.^ 
Look for the same sign and degree on the ecliptic, bring that 
point to the meridian and set the hour index to XII. To all 
places under the meridian it will then be noon. 

Ex. Rectify the globe for the sun's place on the 1st of Sep- 
tember. 

74. The kUUudo of thephtx hein^ given, to find ike lime of 
the sun's risinff and getting on any given day at that place .- 
Having rectified the globe for the latitude, (Art. 66,) bring the 
tun's place in the ecliptic to the graduated edge of the meridian, 
and set the hour index to XII ; then turn the globe so as to bring 
the sun to the eastern and then to the western horizon, and the 
hour index will show the times of ri«ng and setting respectively. 



• arrt onos- t "*P omos. f o^rt khs. 

% Tb« larger |1abea faav* tha da<r of tba dMtnth oatrlMd i^iiit ths eomtfo^A- 
ing u|n OB the Mliplic itatlf. 
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Ex. At what time will the sua rise and set at New Haven* 
LaL U° 18' on the 10th of July ? 

PHOBLEICS ON THK CKLZBTIAL GL6BB. 

75. To find the DecSnaiitm and Righi Atcension of a heav- 
enly body : Bring the place of the body (whether the son era star) 
to the meridian. Tbeo the degree and minute standing orer it 
■will show its declination, and the point of the equinoctial under 
the meridian will give its right ascension. It will be remarked, 
that the declination and right ascension are found in the same 
manner as latitude and longitude on the terrestrial globe. Right 
ascensiop is expressed either in degrees or in hours ; both being 

. reckoned from the Tomal equinox, (Art. 37.) 

Ex. What is the declinaUoa and right ascension of the bright 
Btai Lyra ? — also of the sun on the 5th of June i 

76. To represent the teppearance of the heavens at any time : 
Rectify the globe for the latitude, bring the sun's place in the 
ecliptic to the meridian, and set the hour index to Xn ; then turn 
the globe westward until the index points to the given hour, and 
the constellfUions would then have the same appearance to an eye 
situated at the center of the globe^ as they have at that moment 
in the sky. 

Ex. Required the aspect of the stars at New Haven, Lat. 41^ 
IS', at 10 o'clock, on the evening of December 6th. 

77. To fnd the altitude and azimuth of any star : Rectify the 
globe for ihe latitude, and let the quadrant of altitude be screwed 
to the zenith, and be made to pass through the star. The arc on 
the quadrant, from the hOTizon to the star, will denote its altitude, 
and the arc of the horizon from the meridian to the quadrant, will 
be its aziftmth. 

Ex. What is the altitude and azimuth of Sinus (the brightest 
of the fixed stars) on the 25th of December at 10 o'clock in the 
evening, in Lat. 41° ? 

78. To find the angular distance of two stars Jromeaxh other : 
Apply the zero mark of the quadriuit of altitude to one of the 
HOfS, and the point of the quadrant which Csdls on the other star, 
will show the angular distance between the two. 
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Ex. What is the distance between the two ]st$est stats of the 
Great Bear.* 

79. To find the sun'a meridian alliiude, the latitude and day 
i(f the month being given : Having rectified the globe for the 
latitude, (Art. 66,) bring the sun's place in the ecliptic to the me- 
ridian, and connt the number of degrees and minutes between 
that point of the meridian and the zenith. The complement of 
this arc will be the sun's meridian altitude. 

Ex. What is the snn's meridian altitude at noon on the 1st of 
August, in Lat. 41° 18' ? 



CHAPTER III. 

or ruuLLUi, REnucnoN, and twiucbt. 

80. Parallax ia the apparent change of place vhich bodiei 
undergo by bang viewed from different points. Thus in figure 
6, let A represent the earth, CH' the horison. H'Z aquadraut of 
Fig. 6. 




* The*e Iwo ilan «re lometimeB ealted '■ th« PoinMn," from lb* IIdb which 
pmni IhroDgh tbem beinf bIwbji Deaily id the direcdoD of tbe north itar. Tho 
■Dgulu diaUDce belWMn tbem ii &bouI 5", and m&j be lesniBd u > ituidard fbr 
refereDCB in Mtimatiiig by (ha tjt, the distADC* bet^oen uij two poinli on tha 

CfllMtill Vldlt. 
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99 TUX UBTH. 

• great ciiclfl of the heareas, eztratdjjig iioin the horizon to the 
zenith ; and let E, F, G, H, be successive posititms of the moon 
at different elevations, from the horizon to the meridian. Nov 
s spectator 'on the surface of the earth at A, would refer the place 
of E to A, -whereas, if. seen from the center of the earth, it would 
appear at H'. The arc H'A is called the parallactic arc, and the 
angle H'EA, or its equal AEC, is the angle of parallax. The 
same is true of the angles at F, G, and'H, respectirely- 

81. Since then a heaventy body is liable to be referred to dif- 
ferent points on the celestial vault, when seen from different parts 
of the earth, and thus some confusion occasioned in the deter- 
mina^oa of points on the celestial sphere, astronomers have agreed 
to consider the true ^aca of a celestial object to be that where it 
would appear if seen from the center of the earth. The doctrine 
of parallax teaches how to reduce observations made at any place 
on the surface of the earth, to such as they would be if made 
from the center. 

82. The angle AEC is called the horizontal parallax, which 
may be thus defined, fforizontat ParaUax, is the chuige of po- 
sition which a celestial body, appearing in the horizon as seen 
from the Euriace of the earth, would assume if viewed from the 
earth's center. It is the angle subtended by the semi-diameter 
of the earth, as viewed from the body itself. If we consider any 
one of the triangles represented in the %ure, ACG for example, 

Sin. AGO : Sin. GAZ : :AC : CG.". 

^. „ „ Sin.GAZxAC^Sin.GAZ 
Sin. Parallax: ^ <^ ^ ■■ 

Hence the sine of the angle of parallax, or (since the angle of 
parallax is always very small*) Me paraUax itself varieg as the 
nne of ike zenith distance of the body diretHy, and the distance 
of the body from the center of the earth inversely. Parallax, there- 
fore, increases as a body approaches the horizon, (but increasing 

* The moon, on account of ]U DetmeH to the earth, bos Ihe greategt horizontal 
ptnllu of any of the he>Tenlj bodies; yet tbia ia lesi than 1° (being 57'} while lb* 
fTsaleat parallax of any of tbe'planela doei not «X(»ed 30". Tbe difference in an 
•ic of 1°, between the leoftb wT the uc and Ihe aine, i* only 0."18. 
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with the sines, it increases much slower than in the simile ratio 
of the distance fix»& the zeoitb,) aad (timioishes, as the distance 
from the spectator increases. Again, since the parallax AGC is as 
the sine of the zenith distance, let P represent the borizont^ psr- 
allaz, and P' the parallax at any altitude ; then, * 

P':P::8ia zenith dist. ! an. 90Q.--P= • „„ 3;, t' 
sin. zen. dist. 

Hence, the horizontal parallax of a bod? equals its parallax at 

any altitude, divided by the sine of its distance from the zenith. 

83. From obamralions, therefore, on the parallax of a body at 
any elevation, we are enabled, to find the angle subtended by the 
semi-diameter of the earHi as seen from the body. Or if the 
b<aizontaI parallax is given, the parallfuc at any altitade may be 
found, for 

P's'Pxmn. zenith distance. 

Hence, in the zenith the parallax is nothing, and is at its max- 
imum iu the horizon. 

84 It is evident from the figure, that the effect of parallax 
upon the place of a celestial body is to depress it. Thus, in con- 
sequence of parallax, E is depressed by the arc H'A ; F by the 
arc I^ ; O by the arc Rr ; while H sustains no change. Hence, 
iu all calculations respecting tbe altitude of the sun, moon, or 
jdanetB, the amount of parallax is to be^btracted^ the stars, as 
ve shall see hereafter, have no sensible parallax. As the depres- 
sion which arises from parallax is in the direclion of a vertical 
circle, when the body is on the meridian, the body has only a 
parallax in declination ; but in other situations, there is at the 
same time a pcu^Ilax in declination and right ascension ; for its 
direction bung oblique to the equitioctial, it can be reserved into 
two parts, one of which (the declination) is perpendicular, and 
the other (the right ascenuon) is parallel to the equinoctial. 

65. 7%e mode of determimng the horizontal paraQax, is as 
fbltows; 

Let O, C, (Fig, 7,) be two places on the earth, situated under 
the some meridian, at a great distance from each other ; one place, 
for examine, at the Cape of Good Hope, and tbe other in the north 
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of Europe. The latitude of each fj.. 7, 

[dace being known, the arc of the 
meridian OO is' known, and the 
angle OCCy also is known. I^et 
the celestial body M, (the moon 
for'example,) be observed simul- 
taneously at O and O, and its 
zenith distance at each place ac- 
cumtely taken, namely, ZYand 
Z'Y' ; then the angles ZOM and 
Z'CKM, and of course their sup- 
plements COM, COM are found. 
Then in the quadrilatend figure 
COMO, we have all the angles 
and the two radii, CO, CC, whence the side CM may be easily 
found. But, CM : CO: :sin. ZOM ; sin. CM0=8ine of the angle 
of parallax; or (since the arc is very small) equals the para ll a x 
P'. But when M as seen from O is in the horizon, ZOM becomes 
a right angle, and its sine equal to radius. Then, 
CO 
CM:C0::1 : F=horizontal parallax— pM- 

On this principle, the horizontal parallai of the moon was de- 
termined by La Caille and La Lands, two French astronomers, 
one stationed at the Cape of Good Hope, the other at Berhn ; and 
and m a similar way the parallax of Mars was ascertained, by 
observations made simultaneously at the Cape of Good Hope and 
at Stockhohn. 




86. On account of the great distance of the sun, his horizontal 
parallax, which is only 8".6, caimot be accurately ascertained by 
this method. It can, however, be determined by means of the 
transits of Tenus, a process to be described hereailcr. 

87. The determination of the horizontal parallax of a celestial 
body is an element of great importance, since it furnishes the 
means of estimating the distance of the body from the center of 
the earth. Thus, if the angle AEC (Fig. 6,) be found, the ra- 
dius of the earth AC being known, we have in the right angled 
triangle AEC, the side AC and all the angles, to find the hypo- 



..Google 



BtnicnoN. 31 

tfienuse CE, which is the distance of the mooa from the center 
of the earth. 

BTFKACTIOV. 

88. While parallax depresses the celestial bodies subject to it, 
refraction elevates them ; and it affects alike the most distant 
as well as nearer bodies, being occasioned by the change of di- 
rection which light undei^oes in passing through the atmos- 
phere. Let us conceive of the atmosphere as made up of a great 
number of concentric strata, as AA, BB, CO, and DD, (Pig. 8,) 
Fig. B. 




iocieasing rapidly in density (as is known to be the fact) in ap- 
proaching near to the surface of the earth. Let S be a star, from 
which a ray of light Sa enters the atmosphere at a, where, being 
turned towards the radius of the convex surface, it would change 
its direction into the line ab, and again into be, and cO, reach- 
ing the eye at O. Now, since an object always appears in the 
direction in which the light finally strikes the eye, the star would 
be seen in the direction of the last ray cO, and consequently, the 
star would apparently change its place, in consequence of re- 
fraction, from S to S', being elevated out of its true position. 
Moreover," since on account of the continual increase of density 
in descending through the atmosphere, the light would be con- 
tinually turned out of its course more and more, it would there- 
fore move, not in the polygon represented in the figure, but in a 
corresponding curve, whose curvature is rapidly increased near 
the surface of the earth. 
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89. Whea a body is in the zenith, since a ray of light from it 
enters the atmosi^ere at right angles to the refracting mediam, it 
suffers no refraction. Consequently, the position of the" hearenly 
bodies, when in the zenith, is not changed by refraction, while 
near the horizon, when a ray of light strikes the medium very 
obliquely, and traverses the atmosphere through its densest part, 
the refraction is greatest. The following numbers, taken at dif- 
ferent altitudes, will ^ow how rapidly re&action diminishes from 
the horizon upwards. The amount of refraction at the hoiizoa 
is 34' 00". At different elevations it is as follows. 



EUvtion. 


It.lr.,:tion. 


ei...t»... 


It.lr..ll.n. 


CO 10' 


32' 00" 


30» 


1' 40" 


0° so- 


30' 00" 


40° 


1' 09" 


1= 00- 


24' 26" 


460 


0' 58" 


5" 00- 


W 00" 


60° 


ly 33" 


10° Off 


6' -20" 


80° 


0' 10" 


20= OC 


2' 39" 


90° 


0' 00" 



From this table it appears, that while refraction at the horizon 
is 34 minutes, at so small an elevation as only 10 minutes above 
the horizon it loses 2 minutes, more than the entire change 
from the elevation of 3(P to the zenith. From the horizon to^ 
1° aboTe,'the refraction is diminished nearly 10 minutes. The ■ 
y amount at the horizon, at 45°, and at 90°, respectively, is 34', 58", 
and 0. In finding the altitude of a heavenly body, the effect of 
parallax must be added, but that of lefiaction subtracted. 

90. Let us now learn the method, by which the amount of re- 
fraction at different elevations is ascertained. To take the sim- 
plest case, we will suppose ourselves in a high latitude, where 
some of the stars within the circle of perpetual apparition pass 
through the zenith of the place. We measure the distance of 
such a star from the pole when on the meridian above the pole, 
that !s, in the zenith, where it is not at all affected by relhtction, 
and again its distauce from the pole in its lower culminatiotL 
Were it not for refraction, these two polar distances would be 
equal, since, in the diurnal revolution of a star, it is in fact always 
at the same distance from the pole ; but, on account of refractioo, 
the lower distance will be less than the upper, and the diffuience 
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between the two will show the amoant of refraction at the lower 
cuImiQati(»], the latitude of the place being known. 

Emmple. At Puis, latitude 48° SO', a star was observed to 
pass Uie meridian & north of the zenith, and consequently, 41° 4', 
from the pole." It should have passed the meridian at the same 
distance below the pote, but the distance was found to be only 
40° 67' 36". Hence, 41» ^ - 40° 57- 35"=6' 26" is the refraction 
due to that altitude, that is, at the altitude of 7° 46'. By taking 
similar observations in varioud places situated in high latitudes, 
the amount of refraction might be ascertained for a number of 
different altitudes, and thus the law of increase in refraction as 
we proceed from the zenith towards the horizoti, might be ascer- 
tained. 

91. Another method of finding the refraction at different St^ 
tudes, ia as follows. Take the altitude of the sun at a stta, whose 
right ascension and decUnati(Hi are known, and note the time by 
the clock. Observe also when it crosses the meridian, and the 
difference of time between the two observations will give the hour 
angle ZVx, (Fig. 9. ) In this triangle ZPx we also know PZ the 

Fif. 9. 




co-latitude and Vz the co-declination. Hence we can find the co- 
al titude Zr, and of course the true altitude. Compare the alti- 
^- i-or tho polar ilisiinco'^r il.7^cfl=!IO-48'- 50'a4]- 10' ; and 41'^ J0'-0'= 
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tude thus found vith that before deteimined by obseivation, and 
the di£feience Till be the refractioa due to the ^ipaient altitude. 

Ex. Od May 1, 1738, at £h. 2Qdi. la the morning, Cassini ob- 
served the altitude of the sun's center at Paris to he 69 Q> 14". 
The latitude of Paris being 48° SO*. 10", and the sun's declina- 
tion at that time being 16° (K 26": Required the refrtuiion. 

By spherical trigonometry, Zx Till be found equal to 86° liy 
8" ; consequently, the true altitude was 4° 49* 62". Now to 6° 
(y 14", the apparent altitude, 9" must be added for parallax, and 
we hare 5° (Y 23" the apparent altitude corrected for parallax. 
Hence, 6° (K 23"- 4° 49* 62"=10' 31", the refraction at the ap- 
parent altitude 6° O" 14".» 

92. By these and similar methods, we could easily determine 
the refraction due to any elevation above the horizon, provided 
the refracting medium (the atmosphere) were always unifoim. 
But thifl is not the fact : the re&acting power of the atmosphere 
is altered by changes in density and temperature.-t- Hence in 
delicate observations, it is necessary to take into the account the 
state oT the barometer and of the thermometer, the influence of 
the variations of each having been very carefully investigated, 
and rules having been given accordingly. With every frecaution 
to insure accuracy, on account of the variable character of the 
refracting medium, the tables are not considered as entirely accu- 
rate to a greater distance from the zenith Uian 74° ; but almost all 
astronomical observations are made at a greater altitude than this. 

93. Since the whole amount of refraction near the horizon ex- 
ceeds 33', and the diameters of the sun and moon aie severally 
less than this, these luminaries are in view both before they have 
actually risen and afler they have set 

94. The rapid increase of refraction near the horizon, is strik- 
ingly evinced by the oval figure which the sun assumes when 
near the horizon, and which is seen to the greatest advantage 

* Gragory'i Ait. p. 66. 

t It ii Mid Ihil the effects of luimidity ue iowniible ; fbr the noal aeiTUTatB 
eiprnmanl* Mem to prove Ibit wateiy nipor dimiDiihe* the deniit; of air id the 
Mine niio u its ovn refrMtir* powo- U graUw thin thM of ur. (N«« Enc/e. 
Biit. Ill, 76S.) 
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when light clouds enable us to view the solar disk. Were all 
parts of the sun equally laised by refraction, there would be no 
change of figure ; but aince the lower side is more refracted than 
the upper, the effect is to shorten the vertical diameter and thus 
to give the disk an oval form. Thia effect is particularly remark- 
able when the sun, at his rising or setting, is observed from the 
top of a mountain, or at an elevation near the sea shore ; for in 
such sitaatione the lays^ of light make a greater angle than or- 
dinary with a'pOTpeodicular to the refracting medium, and the 
amount of refraction is propntitHiaUy greater. In some cases of 
this kind, the shortening of the vertical diameta of the sun has 
been observed to amouat to &, or about one fifth of the whole. 

96. The i^ipareat eniargement of the aun and moon in the ho- 
rizon, arises &om an optical illusion. These bodies in fact are 
not seen under so great an angle when in the horizon, as when on 
Ae meridian, for they are nearra to us in the latter case than in 
the former. The distance of the sun is indeed so great that it 
makes very little difference in his af^nreot diameter, whether he 
is viewed in the horizon or on the meridian ; but with the moon 
the case is otherwise ; its angular diameter, when measured with 
instruments^ is perceptibly laiger at the time of its culmination. 
Why then do the sun and moon appear so much larger when near 
the horizon ? It is owing to that general law, explained in optics, 
by which we jui^ of the magnitudes of distant objects, not 
merely by the angle they subtend at the eye, but alffo by our im- 
pressions respectii^ their distance, allowing, under a given angle, 
a greater magnitude as we imagine the distance of a body to be 
greater. Now, on account of the numerous objects usually ia 
sight between us and the sun, when on the horizon, he appears 
much farther removed from us than when on the meridian, and 
we assign to him a proportionally greater magtutude. If we view 
the Sim, in the two positions, through smoked glass, no such dif- 
ference of size is observed, for here no objects are seen but the 
sun himself. 

96. The extraordinary enlargnnent of the sun^or moon, particu- 
larly the latter, when seen at its rising through a grove of treesi 
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depeDds on a difi^rent principle. Thiough the rarious openings 
between the trees, we see different images of the sun, a great 
number of which oreriapjang each other, sweU the dimensions 
of the moon, under the most &Torable circumstances, to a very 
unusual size. 



97. T^M^ht also is another [dienomenon depending upon the 
agency of the earth's atmosphne. It is due partly to refraction 
and partly to reflexion, but mostly to the latter. While the sun 
is within 18° of the horizon, before it rises or after it sets, some 
portion of its light is conveyed to us by means of numerous re- 
flections &om the atmosphere. Let AB (Fig. 10,) be the horizon 
Fig. 10. 



of the spectator at A, and let SS be a ray of light from the sun 
when it is two or three degrees below the horizon. Then to 
the observer at A, the segment of Uie atmosphere ABS would be 
illuminated. To a spectator at C, whose horizon was CD, the 
small segment SDx would be the twilight ; while, at E, the twi- 
light would disappear altogether. 

98. At the equator, where the circles of daily motion are per- 
pendicular to the horizon, the sun descends through 18° in an 
hour and twelve minutes ( | J = Ijh. ), and the light of day there- 
fore declines rapidly and as rapidly advances after daybreak in the 
morning. At the pole, a constant twilight is enjoyed while the sun 
is within 18° of the horizon, occupying nearly two thirds of the 
half year when the direct light of the sun is withdrawn, so that 
the prepress from contmual day to constant night is exceedingly 
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gtaclnaL To the iohabittuilfl <^ an obliqae spbem, the twilight 
is longer io propcvtion as the place is Dearer the elevated pole. 

99. Were it not for the power the atmoephere has of dispersing 
the solar light, and scottenog it in various directions, no objects 
would be vinble to os out of direct sunsbioe ; every shadow of a 
passiDg cbod would be pitchy darkness ; the stars would be visi- 
ble all day, and every ^srtment into which the sun had not di- 
rect admission, would be involved in the obacuhty of night. This 
scattering action of the atmost^ere on the solar light, is greatly 
increased by the irregularity of temperature caused by the sun, 
which throws the atmosj^ere into a constant state of undulation, 
and by thus bringing together masses of air of different tempera- 
tures, produces partial reflections and refractions at their common 
boundaries, by which means much light is toroed aside from the 
direct course, and diverted to the purposes of general illumination. 
In the upper regions of the atmosphere, as on the tops of very 
high mountains, where the air is too much rarefied to reflect much 
light, the sky assumes a black i^ipearance, and stars become visi- 
ble in the day time. 



CHAPTER IT. 



100. Time is a measured portion of ind^nUe duration. 

The great standard of time is the period of the revolution of 
the earth on its axis, which, by the most exact obaervations, is 
found to be always the same. The time of the earth's revolution 
on its axis is called a sidereal day, and is determined by the revo- 
lution of a star flxHn the instant it crosses the meridian, until it 
comes round to the meridian again. This interval being called a 
sidereal day, it is divided into 24 sidereal hours. Observations 
taken upon numerous stars, in different ages of the world, show 
that they all pericwm their diunul revolutions in the same time, 
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and that their motiim durii^ any pert of the revolution is per- 
fectly tmifoim. 

101. Solar time is reckoned by the apparent revolution of the 
sun, &om the meridian round to the same meridian again. Were 
the sun stationary in the heavens, like a fixed star, the lime of its 
apparent revolution would be equal to the revolution of the earth 
on its axis, and the solar and the ^dereal days ifrould be equal. 
But since the sun passes firom west to east, through 360° in 365^ 
days, it moves eastward nearly 1" a day, (69' 8".3). While, 
therefore, the earth is turning round ou its axis, the sun is moving 
in the same direction, so that when we have come round under 
the same celestial meridian frem which we started, we do not 
,find the siin there, but be has moved eastward nearly degree, 
and the earth must perform so much more than one complete 
revolution, in order to come under the sun again. Nov since a 
place on the earth gains 359*^ in 24 hours, bow long will it take 
to gain 1°? 

24 
359: 24: :l:ggg=4m nearly. 

Hence the solar day is about 4 minutes longer than the sidereal ; 
and if we were to reckon the sidereal day 24 honrs, we should 
reckon the solar day 24h. 4m. To suit the purposes of society at 
lai^, however, it is found most convenient to reckon the solar day 
24 hours, and to throw the fraction into the sidereal day. Then, 

24h. 4m. : 24: :24 : 23h. 56m. nearly (23h. 56^ 4-.09)=the 
length of a sidereal day. 

102. The solar days, however, do not always differ from the 
sidereal by preciaely the same fraction, since the increments of 
right ascension, (Ait. 37,) which measure the difference between 
a udereal and a solar day, are not equal to each other. Apparent 
Hme, is time reckoned by the levolutions of the sun from the 
meridian to the meridian again. These intervals being unequal, 
of course the apparent solar days are unequal to each other. 

103. Meaai time, is time reckoned by the average length of all 
the solar days throughout the year. This is the period which con- 
stitutes the civil day of M houis, banning when the sun is on 
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the lower meridian, namely, at 13 o'clock at niglit, and counted 
by 12 hours from the lower to the upper calmination, and fmm 
the upper to the lower. The aslrvTumtieal day is the a^^nreuf < 
solar day couDted through the whole 24 hours, instead ot by p&-'' 
riods of 12 hours each, and begins at noon. Thus 10 days and '; 
14 hours of astronomical time, would be 11 days and 2 hours of. 
apparent time. 

104 Clocks are tisually regulated so as to indicate mean solar 
time ,' yet as this is an artificial period, not marked off, like the 
sdereal day, by any natural event, it is necessary to know how 
much is to be added to or subtracted from the apparent solar 
time, in order to give the correspooding mean time. The inter- 
tbI by which apparent time differs from mean time, is called the 
equation of time. If a clock were constructed (as.it.piay be) so 
as to keep exactly with the sun, going faster or sfower accbHSmg 
as the increments of right ascensioo were greater or smaller, and 
another clock were regulated to mean time, th^i the difference 
of the two clocks, at any period, would be the equation of time 
for that moment. If the apparent clock were faster than the 
mean, then the equation of time must be subtracted ; but if the 
apparent clock were ahwer than the mean, then the equation of 
time must be added, to give the mean time. The two clocks 
would differ most about the 3d of November, when the apparent 
time is 16^" greater than the mean (16* 16".7). But, since 
apparent time is sometimes greater and sometimes less than mean 
time, the two must obviously be sometimes equal to each other. 
This is in fact the case four times a year, namely, April 16th, 
June tSth, September 1st, and December 22d. These epochs, 
however, do not remain constant ; for, on account of the change 
in the position of the perihelion, or the point where the earth is 
nearest the sun, (which shifts its place from west to east about 
12" a year,) the period when the sun's motions are most rapid, as 
well as that when they are slowest, will occur at different parts of 
the year. The chat^ is indeed exceedingly small in a single 
year ; but in the pcogress of ages, the time of year when the sun's 
moticm in its orbit is most accelerated, will not be, as at present, on 
the first of January, but may fall oa the first of March, June, or 
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any other day ol the year, and the atnmint of the equation of 
time is obviously affected by the sun's distanq^ from its perihelion, 
since the sun moves most ra}Hdly when nearest the perihclioD, 
and slowest when farthest &om that point. 

105. The inequality of the solar days depends on tiec causes, 
the UTiequal moHon of the earth in its orbit, and the inclination of 
the equator to the ecliptic 

First, on account of the eccentricity* of the earth'^ orbit, the 
earlh actually moves faster &om the autumnal to the vernal equi- 
nox, than from the vernal to the autumnal, the difference of the 
two periods being about eight days (7d. ITh. I7m.) Thus, let 
AEB (Fig. 11,) represent the earth's orbit, S being the place of 

Fig. 11. 




the sun, A the perihelion, or nearest distance of the earth from 
the sun, B the aphelion, or greatest distance, and E, E', E", posi- 
tions of the earth in different points of its orbit. The place of 
the earth among the signs is the part of the heavens to which it 

* The eiaci figareof the eanh'i oihitwUlbenKire particulsrij shown bereafler. 
All ttiBl the studeai requim lo know, in ordeT to undemand the preaeat uibject, 
ie that tba earth's orbit is an ellipse, and thai ih« earlb'a rod motion, and conis- 
(Iiiemljr the sun's njipamU motion, is greater in proportion as Uio eurth is nearer 
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would be referred if seen from the sun ; and the place of the sun 
is the part of the hearens to which it is referred as seen from the 
earth. Thus, when the earth is at E, it is said to be in Aries ; 
and as it mores from E through E' to A, its path in the heavens , 
is through Aries, Taurus, Gemini, &c. Meanwhile the sun takes 
its place successiTety in Libra, Scoipio, Sagittarius, Sec. Now, 
as will be shown more fully hereafter, the earth moves faster 
when proceeding from Aries through its perihelion to Libra, than 
from Libra through its aphelion to Aries, and, consequently, de- 
scribes the half of its apparent orbit in the heavens, T, S, -^t 
sooner than the half ^,YS, T. The line of the apsides, that is, 
the major axis of the ellipso, is so situated at present, that the 
perihelion is in the sign Leo, nearly 100° (99° SC 5") from the 
vernal equinox. The earth passes through it about the first of 
January, and then its velocity is the greatest in the whole year, 
being always greater as the distance is less, the angular velocity 
being inversely as the square of the distance, as will be shown 
by and by. 

106. But differences of time are not reckoned on the ecliptic, 
but on the equinoctial ; for the ecliptic being oblique to the me- 
ridian in the diurnal motion, and cutting it at different angles at dif- 
ferent times, equal portions will not pass under the meridian in equal 
times, and therefore such portions could not be employed, as they 
are in the equinoctial, as measures of time. If therefore the sun 
moved uniformly in hjs orbit, so as to make the daily increments 
of longitude equal, still the corresponding arcs of right ascension, 
which determine the lengths of the solar day, would be unequal. 
Let us start from the equinox, from which both longitude and right 
ascension are reckoned, the former on the ecliptic, the latter on 
Uie equinoctial. Suppose the sun has described 70° of longitude ; 
then to ascertain the corresponding arc of right ascension, we let 
a meridian pass threugh the sun : the point where it cuts the 
equator gives the sun's right ascension. Now since the ecliptic 
makes an acute angle with the meridian, while the equinoctial 
makes a right angle with it, consequently the arc of longitude is 
greater than the arc of right ascension. The difference, however, 
grows constantly less and less as wo approach the tropic, as the 
6 
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angle made between the ecliptic and the meridLan constantly 
increases, until, when we reach the tropic, the meridian is at right 
angles to both circles, and the longitude and right ascension each 
equals 90°, and they are of course equal to each other. Beyond 
this, from the tropic to the other equinox, the are of the echptic 
intercepted between the meridian and the autumnal equinox being 
greater than the corresponding arc of the equinoctial, of course 
its supplement, which measures the longitude, is less than the sup- 
plement of the corresponding arc of the equator which measures 
the right ascension. At the autumnal equinox again, the right 
ascension and longitude become equaL In a similar manner we 
might show that the daily incremetttt of longitude and right as- 
cension are unequal. 

In order to illustrate the foregoing; points, let f^ (F>S- 13>) . 
represent the equator, t T ^t the ecliptic, and PSE, PS'E', 
two meridians meeting the sun in S and S'. Then in the trian- 
Fig. 13. 




gle fES, the arc of longitude tS, is greater than TE, the cor- 
responding arc o( right ascension ; but towards the tropic the 
difference between the two arcs evidently grows less and less, 
until at T the arcs become equal, each being 90°, But, beyond 
the tropic, since f E'-a., t S'-^i:, are equal to each other, each being 
equal to 180°, and since S'^ is greater than E'-i-, therefore tS' 
must be less than T E'. 

107. As the whole arc of right ascension reckoned from the 
first of Aries, does not keep imiform pace with the corresponding 
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arc of longitude, so the daily increment3 of right ascension differ 
from those of longitude. If we suppose in the quadrant tT,' 
pcants taken to mark the pn^ress of the sun from day to day, and 
let meridians like PSE pass through these points, the arc of the 
ecliptic embraced between the meridians will be the daily incre- 
ments of longitude, while the cwiefiponding ]nrts of the equiooc- 
tial will be the daily incrOTnents of right ascension. Near T, the 
oblicpie direction in which the ecliptic cuts the meridiui, will make 
the daily increments of longitude exceed those of right ascension ; 
but this adrantage is diminished as we apfwoach the tropic, where 
the ecliptic becomes less oblique, and finally parallel to the equi- 
noctial ; while the convergence of the meridians contributes still 
forther to lessen the ratios of the daily increments of longitude to 
those of right ascension. Hence, at first, the diurnal arcs of 
right ascension are less than those of longitude, but afterwards 
greater ; and they continue greater for a similar distance beyond 
the tropic. 

108. From the foregoing considerations it appears, that the 
diumal arcs of right ascension, by which the difference between 
the sidereal and the solar days is measured, are unequal, on ac- 
count both of the unequal motion of the sun in his orbit, and of 
the inclination of his orbit to the equinoctial. 

109. As astronomical time commences when the aun is on the 
meridian, 90 sidereal time commences when the vernal equinox 
is oa the meridian, and is also counted from to 24 hours. By 
3 o'clock, for instance, of sidereal time, we mean that it is three 
bonis since the vernal equinox crossed the meridian ; sis we say it 
is 3 o'clock of astronomical or of civil time, when it is three hours 
■ince the sun crossed the meridian. 

THE ClLEIfnJLR. 

110. The aalronormcal year is the time in which the sun makes 
one revolution in the ecliptic, and consists of 365d. 6h. 48m. 51".60. 
The dvil year consisU of 365 days. The difference is nearly 6 
boors, making one day in four yeais. 

111. The most ancient nations determined the number of days 
in the year by means of the ttyhis, a perpendicular rod which 
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cast its shadow on a smooth plane, bearing a meridian line. The 
time when the shadow was shortest, would indicate the day of 
the summer solstice ; and the number of days which elapsed until 
the shadow retiimed to the same length again, would show the 
number of days in the year. This was found to he 365 whole 
days, and accordingly this period was adopted for the ciril year. 
Such a difference, however, between the civil and astronomical 
years, at length threw all dates into confusion. For, if at first 
the summer solstice happened on the 21st of June, at the end of 
four years, the sun would not have reached the solstice until the 
S2d of June, that is, it would have been behind its time. At the 
end of the next four years the solstice would fall on the 23d ; 
and in process of time it would fall successively on every day of 
the year. The same would be true of any other fixed date. 
Julius Csesar made the first c(»Tecti<Mi of the calendar, by intro- 
ducing an intercalary day every fourth year, making February 
to consist of 29 instead of 28 d^s, and of course the whole year 
to consist of 366 days. This fourth year was denominated fii*- 
sextile.* It is also called Leap Year. 

H2. But the true correction was not 6 hours, but Sh. 49m. ; 
hence the intercalation was too great by 11 minutes. This small 
firaction would amount in 100 years to ^ of a. day, and in 1000 
years to more than 7 days. From the year 325 to 1582, it had 
in fact amounted to about 10 days; for it was known that in 
325, the vernal equinox fell on the 21st of March, whereas, in 
1582 it fell on the lltb. In order to restore the equinox to the 
same date. Pope Gregory AllI decreed, that the year should be 
brought forward 10 days, by reckoning the 5th of October the 
15th. In order to prevent the calendar from falling into confusion 
afterwards, the following rule was adopted : 

Every year whose number is ?iot divisible by 4 without a re- 
mainder, consists of 36S days ; every year which is so divisible, 
but is not divisible by 100, of 366 ; every year divisible by 100 
but not by 400, again of 365 ; arid every year divisible by 400, 
^366. 

* The textui dUi ante Kaltndat babj reckoned twice, (Bi«). 
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Thus the yen 1838, not being divisible by 4, contains 3&6 days, 
while 1636 and 1840 are leap yeais. Yet to make every fourth 
year consist of 366 days would increase it too much by about } 
of a day in 100 years :, therefore every himdredth year has only 
365 days. Thus 1800, although divisible by 4 was not a leap 
year, but a common year. But we have allowed a vihole day 
in a hundred yeais, whereas we ought to have allowed only three 
fourths of a day. Hence, in 400 years we should allow a day 
too much, and therefore we let the 400th year remain a leap 
year. This rule involves an error of less than a day in 4237 
years.* If the rule were extended by making every year divisible 
by 4,000 (which would now consist of 366 days) to consi^ of 
365 days, the error would not be more than one day in 100,000 
years-t 

113. This reformation of the calendar was not adopted in Eng- 
Umd until 1752, by which time the error in the Julian calendar 
amounted to about II days. The year was brought forward, by 
reckoning the 3d of September the 14th. Previous to that time 
the year began the 25th of March ; but it was now made to be- 
gin on the 1st of January, thus shortening the |«eceding year, 
1761, one quarter.;]: 

114. As in the year 1582, the error in the Julian calendar 
amounted to ID days, and increased by 3 of a day in a century, 
at present the correction is IMfiys ; and the -number of the year 
will differ by one with respect to dates between the 1st of Janu- 
ary and the 25th of March. 

Examples. General Washington was bom Feb. 11, 1731, old. 
style ; to what date does this correspond in new style ? 

As the date is the earlier part of the 18th century, the correc- 
tion is 11 days, which makes the birth day fall on the 22d of 
February ; and since the year 17^1 closed the 26th of March, 
while according to new style 1732 would have commenced on 

■ WoadhouM, p. 874. I Herachera Am. p. 384. 

t RuasJH, and ibe Greek Church generally, adhere to the old itjle. In order 
to make the Ruhiui ditei coi^espoad to oun, we miut add lo ihem 13 ivjt. 
France nnit other Catholic countrioa, adopted the GregoriaD calandai bood after it 
wa» promulgated. 
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the pTCceding Ist of January ; diereibre, the time required ib Feb. 
22, 1732. It is uaua], in such cases, to write both yeais, thus : 
Feb. 11, 1731-2, O.S. 

2. A great eclipse of the eon happened May 16th, 1836 ; to 
what date would this time cortespond in old style? 

Ans. May 3d. 

115. The common year begins and ends on the same day of 
the week ; but leap year ends one day later im the veek than it 
began. 

For £2x7=364 days; if therefore the year begins on Tues- 
day, for example, 364 days would complete S2 weeks, and one 
day would be left to begin another week, and the following yeac 
would begin on Wednesday. Hence, any day of the month is one 
day later in the week than the corresponding day of the preceding 
year. Thus, if the 16th of November, 1838, falls on Friday, 
the 16th of November, 1837, fell on Thursday, and will fall in 
1839 on Saturday. But if leap year begins on Sunday, it ends 
on Monday, and the following year begins on Tuesday ; while 
any given day of the month is two days later in the week than * 
the corresponding date of the preceding year. 

116. Fortunately for astronomy, the confusion of dates involved 
in difierent calendars affects recorded observations but little. Re- 
markable eclipses, for example, cat) be calculated back for several 
thousand years, without any dangflsof mistaking the day of their 
occurrence ; and whenever any such eclipse is so mterwoven with 
the account given by an ancient author of some historical event, 
as to indicate precisely the interval of time between the eclipse 
and the event, and at the same time completely to identify the 
eclipse, that date is recovered and fixed forever.* 

* An elaborata vieiT of the Calendar maji Ira fbund in DeluQbie'a AatroDomj, 
t. III. A umfbl table for finding the da]' of the vreekof anjgiTen date, ii inierted 
in the American Almanac for 1833, p. 72. 
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CHAPTER V. 

or ASTBONOKICAL INSTBtTHCNTS Am> FROBLEHS FIGURE AND 

DENS1T7 or THE EARTH. 

ll?. The most ancient astronomers employed no instruments 
for measuring angles, tut acquired their knowledge of the heav- 
enly hodies hy long continued and most attentive inspection with 
the naked eye. In the Alexandrian school, about 300 years before 
the Christian era, instruments began to be freely used, and thence- 
forward trigonometry lent a powerful aid to the science of astron- 
omy, Tycho Brahe, in the 16th century, formed a new era in 
practical astronomy, and carried tho measurement of angles to 
10", — a degree of accuracy truly wonderful, considering that he 
had not the advantage of the telescope. By the applicatioa of 
the telescc^ to astronomical instrtunents, a far better defined view 
of objects was acquired, and a far greater degree of refinement 
was attainable. The astronomers royal of Great Britain perfected 
the art of observation, bringing the measurement of angles to 1", 
and the estimation of differences of time to ^ of a second. Be- 
yond this degree of refinement it is supposed that we cannot 
advance, since unavoidable errors arising &om the uncertainties 
of refraction, and the necessary imperfection of instruments, for- 
bid us to hope for a more accurate determination than this. But 
. a little reflection wilt show us, that V on the limb of au astro- 
nomical instrument, must be a space exceedingly small. Suppose 
the circle, oD which the angle is measured, be one foot in diameter. 

^ 12x3.14159 . ^ ...,.„ 

^° 360 = t'i inch = space occupied by 1°. Hence 

fo^Teo^eob^^iP" "^ ^'> ^^ 36ooo='i^° "^ ^" ^"'^'' °"' 

Dute angles can be measured only by large circles. If, for ex- 
amine, a circle is 20 feet in diameter, a degree on its periphery 
would occupy a space 20 times as laige as a degree on a circle of 
I foot A degree therefore of the limb of such an instrument 
would occupy a space of 2 inches : one minute, j\ of an inch i 
and one second, xi'jt of an inch. 
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118. Bat the actual divisions on the limb of an astronomical 
instrument never extend to seconds : in the smaller instruments 
they reach only to lO, and on the lai^est rarely lower than 1'. 
The subdivisions of these spaces is carried on by means of the 
Vernier, which may be thus defined : 

A Veknieb is a contrivance attacked to the graduated limb of 
an instrument, for the purpose of measuring aUquot parts of the 
smallest spaces, into which the instrument is divided. 

The vernier is usually a narrow zone of metal, which is made 
to slide on the graduated limb. Its divisions correspond to those 
on the limb, except that they are a little lai^er,* one tenth, for 
example, so that ten divisions on the vernier would equal eleven 
on the limb. Suppose now that our instrument is graduated to 
degrees only, but the altitude of a certain star is found to be 40° 
and a fraction, or 40° +t. In order to estimate the amount of this 
fraction, we bring the zero point of the vernier to coincide with the 
point which indicates theexactaltitude, or 40°+a:. We then look 
along the vernier until we find where one of its divisions coincides 
with one of the divisions of the limb. Let this be at the fourth 
division of the vernier. In four divisions, therefore, the vernier 
has gained upon the divisions of the limb, a space equal to x ; and 
since, in the case supposed, it gains j'^ of a degree, or 6' at each 
division, the entire gain is 24', and the arc in question is 40° 24'. 

1 19. As the vernier is used in the ba- F'g- 13' 
rometer, where its application is more 

easily seen than in astronomical instru- 
ments, while the principle is the same 
in both cases, let us see how it is ap^ied 
to measure the exact height of a col- 
umn of mercury. Let AB (Fig. 13,) 
re|H:esent the upper part of a barometer, 
the level of the mercury being at C, 
namely, at 30.3 inches, and nearly an- 
other tenth. The vernier being brought 
(by a screw which is usually attached 
to it) to coincide with the surface of 
the mercury, we look along down the 
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scale, tmtit ve Snd that the coincidence is at the Sth division of 
the vemiCT. Now as the vernier gdHns j\ of Vi " t4i of an inch 
at each divisioD upward, it of course gains yf , in eight divisions. 
The fractional quantity, therefore, is .08 of an inch, and the height 
of the mercury is 30.38. If the divisions of the vernier were such, 
that each gained ,', (vhen 60 On the vernier Would equal 61 on 
the limb) on a limb divided into degrees, we could at once take 
off minutes ; and were the limb graduated to minutes, we could 
in a similar way read off seconds. 

120. The instruments most used for astronomical observatioDS, 
are the Transit Instrument, the Astronomical Clock, the Mural 
Circle, and the Sextant. A large portion of all the observations 
made in an astronomical observatory, are taken on the meridian. 
When a heavenly body is on the meridian, being at its highest 
point above the horizon, it is* then least affected by refraction and 
parallax ; its zenith distance (from which its altitude and decli- 
nation are easily derived) is teadily estimated ; and its right as- 
cension may be very conveniently and accurately determined by 
means of the astronomical clock. Having the right ascension 
and declination of a heavenly body, variou% other pariiculan re- 
specti:^ its position may be found, as we shall see hereafter, by 
the aid of spherical trigonometry. Let us then first turn our 
attention to the instruments employed for determining the right 
ascension and declination. They are the Transit lastniment, the 
Astronomical Clock, and the Mural Circle. 

121. The TVansit Instmment Is a telescope, which is fixed 
permanently in the meridiaji, and moves only in that plane. It 
rests on a horizontal axis, which consists of two hoUow cones 
applied base to base, a form imiting lightness and strength. The 
two ends of the axis rest on two firm suj^rts, as pillars of stone, 
for example, so connected with the building as to be as free as 

~ possible from all agitation. In figure 14, AD represents the tele^^ 
scope, E, W, massive stone pillare supporting the horizontal axis, 
beneath which is seen a spirit level, (which is used to bring the 
axis to a horizontal position,) and n a vertical circle graduated 
into degrees and minutes. This circle serves the purpose of pla- 
7 
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cing the inBtinment at any required altitade or distance from the 
zenith, and of couiGe for determinitig altitudes and zenith distanow. 




132. Tarions methods are described in works oa [tactical as- 
tronomy, for placing the Transit Instrument accurately in the 
meridian. The following method by observations on the pole 
star, may seire as an example. If the instrument be directed 
towards the north star, and so adjusted that the star Alioth (ths 
first in the tail of the Great Bear) and the pole star are both in 
the same vertical circle, the former below the pole and the latter 
above it, the instnioient will be nearly in the plane of the me- 
ridian. To adjust it more exactly, compare the time occupied by 
the pole star in passing from its upper to its lower culmination, 
with the time of passing from its lower to its upper culmination. 
These two intervals m^ht to be precisely equal ; and if they are 
so, the instrument is truly placed in the meridian ; but if they 
are not equal, the position of the instrument must be shifted until 
they become exactly equal. 
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123. The tine of eoUimation of a telescope, ifl a line joiniiig 
the center of the object glaaa with the center of the eye glass. 
When the transit instrument is jvoperly adjusted, this line, as the 
instrument is ttimed on Its axis, moves in the plane of the me- 
lidiao. Having, by means of the vertica] circle k, set the instru- 
ment at the known altitude or zenith distance of any star, upon 
which we wish to make observations, we wait until the sUbh li- 
ters the field of the telescope, and note the exact instant when it 
crosses the vertical wire in the center of the field, which wire 
marks the true plane of the meridian. Usually, however, there 
are {daced in the focus of the eye glass five parallel wires or 
threads, two on each side of the central wire, and alt at equal 
distances from each other, as is represented in the following diar 
gram. The time of arriving at Fig. 15. 

each of the wires being noted, 
and all the times added together 
and divided by the number of 
observations, the result gives the 
instant of crossing the central 
wire. , /(_ 

124 The Aatr<momicai Clock 
is the constant companion of the 
Transit Instnmient. This clock 
is so regnlated as to keep exact 
pace with the stars, and of course 
with the revolution of the earth on its axis ; that is, it is regulated 
to sidereal time. It measures the prioress of a star, indicating 
an hour for every 15°, and 24 hoars for the whole period of the 
tevolution of the star. Sidereal time, it will be recollected, com- 
mences when the vernal equinox is on the meridian, just as solar 
time commences when the sun is on the meridian. Hence, the 
hour by the sidereal clock has no correspondence with the hour of 
the day, but simply indicates how long it is since the equinoctial 
point crossed the meridian. For example, the clock of an obser> 
vatory points to 3h. 20m. ; this may be in the morning, at noon, ta 
any other time of the day, since it m«ely shows that it is 3h. 20aL 
since the equinox was on the meridian. Hence, when a star is on 
the meridian, the clock itself shows its right ascension ; and the 
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interral of time between the arrival of any two stars upon the 
meridian, is the measure of their difercnce of right ascension. 

136. Astronomical clocks are made of the best workmanship, 
with a compensation pendulum, and every other advantage which 
oan jHvmote their regularity. The Tranut Instrument itself, 
when once accurately placed in the meridian, affords the means 
of testing the correctness of the clock, dnce one revolntion of a 
star from the meridiim to the meridian again, ought to correspond 
to exactly 34 hours by the clock, and to continue ihe same from 
day to day ; and the right ascension of various stars as they cross 
the meridian, ought to be such by the clock as they are given in 
the tables, where they are stated according to the most accurate de- 
terminations of astronomers. Or by taking the difference of right 
ascension of any two stars on successive days, it will be seen 
Whether the going of the clock is uniform for that part of the 
day ; and by taking the right ascension of different pairs of stars, 
we may learn the rate of the clock at various parts of the day. 
We thus leam, not only whether the clock accurately measures 
the length of the sidereal day, but also whether it goes uniformly 
from hour to hour. 

Although astronomical clocks have been brought to a great de- 
gree of perfection, so as to vary hiudly a second for many months, 
yet none are absolutely perfect, and most are so fj^ from it 
as to require to be corrected by means of the Transit Instrur 
ment every few days. Indeed, for_ the nicest observations, it is 
usual not to attempt to bring the clock to an absolute state of 
correctness, but after bringing it as near to such a state as can 
oonveniently be done, to ascertain how much it gains or loses in 
a day ; that is, to ascertain its rate of going, and to make allow- 
ance accordingly, 

136. The vertical circle («, Pig. 14,) usually connected with 
the Transit Instrument, affords the means of measuring ares on 
the meridian, as meridian altitudes, zenith distances, and decli- 
nations ; but as the circle must necessarily be small, and there> 
fbrs incapable of measuring very minute angles, the Mural 
Cirde is usoally employed for measuring arcs of the meridian. 
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The Mural Circle is a graduated circle, usually of very iai^ 
tdze, fixed permanently in the plane of the meridian, and at- 
tached firmly to a perpendicular viaU. It is made of lai^e size, 
sometimes 20 feet in diameter, in order that very small angles 
may be measured oq its limb ; and it is attached to a massive 
wall of solid masonry in order to insure perfect steadiness, a point 
the more difficult to attain in proportion as the instrument is 
heavier. The annexed diagram repaesenta a Mural Circle fixed 
to its wall and ready for observations. It will be seen that every 
expedient is employed to give the instrument firmness of parts 

Fig. 16. 



and steadiness of position. Its radii are composed of hollow 
cones, uniting lightness and strength, and its telescope revolves 
on a large horizontal axis, fixed as firmly as possible in a solid 
wall. The graduations are made on the outer rim of the instru- 
ment, and are read oS by six microscopes attached to the wall, 
one of which is represented at A, and the places of the five others 
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ate marked by the letters B, C, D, E, P. Six are tued id order 
that by taking the mean of such a number of readings, a higher 
degree of accuracy may be insured, than could be attained by a 
UDgle reading. Iq a circle of six feet diameter, Uke that repve- 
Bonted in the figure, the divisiona may be easily carried to fire 
minutes each. The microscope (vhich is of the variety called 
compound microscope) forms an enlarged image of each of these 
dirinons in the focusof the eye glass. In the focus is also placed a 
delicate vire, which may be moved by means of a screw in a di- 
rection parallel to the divisions of the limb, and which ia so adjusted 
to the screw as to move over the whole magnified space of five 
minutes by five revolutions of the screw. Of course one revolur 
tion of the screw measures one minute. Moreover, if the screw 
itself is made to carry tai index attached to. its axis and revolv- 
ing with it over a disk graduated into sixty equal parts, then the 
space measured by moving the index over one of these parts, 
will be one second. 

We have been thus minute in the description of this instrument, 
in order to give the learner some idea of the vast labor and great 
patience demanded oC practical astronomers, in order to obtain 
measurements of such extreme accuracy as those to which they 
aspire. 

On account of the great dimensions of this circle, and the ex- 
pense att^iding it, as well as the difficulty of supporting it firmly, 
sometimes only one fourth of tt is employed, constituting the 
Mural Quadrant. This instrument has the disadvantage, how- 
ever, of being applicable to only one hemisphere at a time, either 
the northern or the southern, according as it is fixed to the eastern 
or the western side of the wall. 

127. We have before shown (Art. 124,) the method of finding 
the right ascension of a star by means of the Transit Instrument 
and the clock. The declination may be obtained by means of the 
mural circle in several different ways, our object being alwajrs to 
find the distance of the star, when on the meridian, from the 
equator (Art 37.) First, the dechnation may be found from the 
meridian aliitvde. Let S (Fig. 17,) be the place of a star when 
on the meridian. Then its meridian altitude will be SH, which 
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will best be foDTid by taking its zc- 
Dith distance ZS, of which it ia the 
complement. From SH, subtract EH, 
the elevation of the equator, which , 
equals the colatitude of the place of 
ob3erTation,(Art.44,)and theremaia- "r 
der SE is the declinatian. Or if the 
star is nearer the horizon than the 
equator is, as at S', subtract its me- 
ridian altitude from the colatitude, for 
the declination. Secondly, the dechnation may be found from 
the north polar distance, of which it is the complement. Thus 
from P to E is 90°. Therefore, PE-P3=90°-PS=SE=the 
declination. The height of the pole P is always known when 
the latitude of the jJace is known, being equal to the latitude. 

128. The astronomical instruments already described are adapt- 
ed to taking observations oa the meridian only ; but we sometimes 
require to know the altitude of a celestial body when it is not on 
the meridian, and its azimuih, or distance from the meridian 
measured on the horizon ; and also the angular distance between 
two points on any part of the celestial sphere. An instnimeat 
especially designed to measure altitudes and azimuths, is called 
an Attitude and Azimuih Instrument, whatever may be its par- 
ticular form. When a point is on the horizon its distance from 
the meridian, or its azimuth, may be taken by the common sui^ 
veyor's compass, the direction of the meridian being determined 
by the needle ; but when the object, ai a star, is not on the ho- 
rizon, its azimuth, it must be remembered, is the arc of the hori- 
zon from the meridian to a vertical circle passing throt^h the 
star (Art. 37); at whatever different altitudes, therefore, two 
stars may be, and however the plane which passes tbiough them 
may be inclined to the horizon, still it is their angular distance 
measured on the horizon which determines their difference of 
azimuth. Figure 18 represents an Altitude and Azimuth Instru- 
meot, several of the usual appendages and subordinate contrivan- 
ces being omitted for the sake of distinctness and siwpUcity. 
Here o^ is the rertical or altitude circle, and EFG the horizontal 
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Fig. IB. 



or azimuth circle ; AB is a telescope mounted on a horizontal axii 
and capable of two motions, one in altitude parallel to the circle 
abc, and the other in azimuth parallel to EFG. Hence it can be 
easily brought to bear upon any object. At m, under the eye 
glass of the telescope, is a small mirror placed at an angle of 46'' 
with the axis of the telescope, by means of which the image 
of the object is reflected upwards, so as to be conreniently pre- 
sented to the eye of the observer. At d is represented a tangent 
screw, by which a slow motion is given to the telescope at c. 
At h and g are seen two spirit levels, at right angles to each other, 
which show when the azimuth circle is truly horizontal. The 
instrument is supported on a tripod, for the sake of greater steadi- 
ness, each foot being furnished with a screw for levelling. 

129. The Sextant is one of the most useful instruments, both 
to the astronomer and the navigator, and will therefore merit par- 
ticular attention. In figure 19, ABL represents the plane of the in- 
strument, LG an<l N, two small mirrors, and T, a small telescope. 
The line LG[ represents a movable arm, or radius, which carries 
an index at L The radius turns on a. pivot in the center of LG, 
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and the index moves on a graduated arc BA. LG is called ths 
Index Glass, and N the Horizon Glass. The under part only 
of the horizon glass is coated with quicksilver, the upper part 
being left ttonspeient, as in n ; so that while one object » seen 
through the upper part of n by direct visi on, another may be seen 
through the lower part by reflexion from the two mirrots. The 
instrument is so contrived, that when the index is moved up to A, 
where the zero point is placed, or the graduation begins, the two 
reflectors LG and N are exactly parallel to each other, the index 
glass being then in the position Ig. In this position of the mir- 
rors, if the eye at E look through the telescope, T, so pointed as to 
see the star S through the transparent part of the horiztm glass, it 
will see the same star, in the same place reflected from the silvered 
part ; for the star (or any similar object) is at such a distance that 
the rays of light which strike upon the index glass LG an pai^ 
allel to those which enter the eye directly. Therefore the angle ' 
of incidence 6cN being equal to the angle of reflexion at cNE, the 
ray b will be made, by reflexion, to coincide with the ray a, and 
exhibit the object at the same place. Now, suppose it were the 
object to measure the angular distance between two bodies, as 
the moon and a star, and let the star be at S and the moon at M. 
The telescope being still directed to S, turn the index arm LI from 
A towards B yntil the image of the moon is brought down to S, 
its lower limb just touching S. By a principle in optics, the an- 
gular distance which the image of the moon passes over, is twice 
that of the mirror IXi. But the mirror has passed over the grad- 
uated arc AI ; therefore double that arc is the angular distance 
between the star and the moon's Iowa- limb. If we then bring 
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the upper limb into contact wiUi the star, the sum of both obser^ 
vations, divided by 2, will give the angular distance between the 
star and the moon's center. As each degree on the limb AB meas- 
ures two degrees of angular distance, hence the divisions for single 
degrees are in fact only half a degree asonder ; and a sextant, ot 
the sixth part of the circle, measures an angular distance of 120°. 
The upper and lower points in the disk of the sun or of the moon 
^ may be considered as two separate objects, whose distance from 
each other may be taken in a dmilar manner, and thus their ap- 
parent diameters at any time be detennined. We may select our 
points of observation either in a vertical, or in a horizontal di- 
rection. 

130. If we make a star, or the Umb of the sun or moon, one 
of. the objects, and the point in the horizon directly beneath, the 
other, we thus obtain the altitude of the object. In this obser- 
vation, the horizon is viewed through the transparent part of the 
horizon glass. At sea, where the horizon is usually well defined, 
the horizon itself may be used for taking altitudes ; but on land, 
inequalities of the earth's surface, oblige us to have recourse to 
an arHJwial horizon. This in its simple state, is a basin of either 
water or quicksilver. By this means we see the image of the 
6un (or other body) just as far below the horizon as it is in 
reality above it. Hence, if we turn the index glass until the 
limb of the sun, as reflected from it, is brought into contact with 
the image seen in the artificial horizon, we obtain .double the 
altitude.* 

The sextant must be held in such a manner, that its [dane shall 
pass through the plane of the two objects. It must be held 
therefore in a^vertical plane in taking Utitudes, and in a horizontal 
plane in taking the horizontal diameters of the sim and moon. 
Holding the instrument in the true plane of the two bodies, whose 
angular distance is measured, is indeed the most difficult part of 
the operation. 

The peculiar value of the sextant consists in this, that the ob- 
servations taken with it are not affected by any motion in the 

' WoodhooH'i Alt. p. 774. 
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obserrei ; hsace it is the chief instrumetit used for angular meas- 
urements at sea. 

131. ExampUa illustratmg the use of the Sesrtant. 

Ex. L Alt. ©'fl lower Umb, . . 49° 10" 00" 
O's dbmi-diameter, . . 16 61 



49° 26* 61" 
Subtract Re&acdoD, . . 00 00 49 



49° 25' 02" 
Add PUaUaz, . . . .00 00 06 



True altitude ©'s center, . 49° 25* 08" 

Ex. 2. With the Artificial Horizon. 

Altitude of o 's upper limb above the image in the artificial ho- 
rizon, 100° 2^ 47". 

True altitude, . . . . 60° 01' 23."6 

©'s semi-diameter, . . . 00 16 60. 



49° 46' 33."6 
Refractum, . . . . 00 00 48, 



49° 44' 46."6 
IWallax, 00 00 06. 

True altitude of ©'a center, . . 49° 44' 60."5 



ASTRONOMICAL PROBLKHS.* 

132. Oiuen tke tun's Right Ascenaiwi and DecUnation, pyfind 
hia LongOude and the Obliquitt/ of the Ediptic 

Let PCP''(Fig. 20,) represent the celestial meridian that passes 
through the first of Cancer and Capricorn, (the solstitial colure,) 
PF the axis of the s^Aere, EQ. the equator, E'C the ecUptic, and 
FSF the declination circle (Art. 37,) passing through the sun 
8 ; then ARS is a right angle, and in the right angled spherical 

■ YoiiDB'i BpberieBl TrigODOmatr]', p. 136. VincB's Completa BjTOm, Vol. (, 
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tiiaiigle ARS, an given Uie right Pif.ao. 

BscensioQ AR (Art. 37,) and the 
declination RS, to find the loi^- 
tude AS (Art 37,} and the obli- 
quity SAR. 

As kmgitude and right ascension 
are measured from A, the first point 
of Ariea, in ibe direction AS of the 
wgns, quite round the globe, when, 
of the four quantities mentioned in 

the problem, the obliquity and tbe declination sre given to find 
the others, we must know whether the sun is north, or whether 
it is south of the equator, the longitude being in the one case AS, 
and in the other, instead of AS', it is 360 — AS', that is, the sup- 
plement of AS'. We must also know on which side of the tropic 
the sun is, for the sun in passing from one of the tropics to tbe 
equinox, passes through the same degrees of declination as it bad 
gone through in ascending from the other equinox to the tropdc, 
although its longitude and right ascension go on continually in- 
creasing. From the 21st of March to tbe 2l8t of June, while 
describing the first quadrant from the vernal equinox, the decU- 
nation is north and increasing ; north but decreasing, in the second 
quadrant, until the 23d of September; south and increasing in 
the third quadrant, until tbe 21st of December ; and finally, in 
the fourth quadrant, south but decreasing until the 21st of March. 

Ex. 1. On the 17tb of May, the sun's Right Ascension was 
63° 38', and his Declination 19° IS' 67": required his Longitude 
and the Obliquity of the Ecliptic. 

Applying Napier^s rul^ to the right angled triangle, ARS, we 
have 

1. Rad. COS. AS=co8. AR cos. RS. 



2. Rad. sin. AR= 



tan. RS 



* Tbe •tiideni b anppOBcd to be uqueioled widi Spliehcel Trigonontetiy ; bat 
10 Tclteih Ml ntemorj, we nay iniert a remirk or tno. 

It will be recollected tbit id Napiei-'a rule far the aolution of a rifht angled 
■pberical triaDgla, b; meaiii of the Five Cireultr Parte, wb proceed ■■ Ibllona. 

In ■ right angled ipberical triangU we are to recognixa but five paru, via. tbe 
thiM lidM and tbe two obli^iu aoglM. If we take mj one oT Itwee u a midJU 
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Hence the uanputatioa fot AS and A u as follows : 

Ar tic LangituJs AS. Far the OUtfvity A. 



COS. AR 63° 38' 00" 9.7730185 
COS. RS 19 16 67 9.9749710 



sin. AR 9.9059247 

Ian. RS, ar. com. 0.4565209 

COS.AS5S67 43 9.7479896 cotA23027' 501" 10.3624456 
Ex. 2. On the Slst of Haieh, 1816, the san'a Declination was 
ofannred at Oreeawich to be 4° 13' 311" : raqoired his Right 
Ascension, the obliquity of the ecliptic being 23° 27' 61". 

Ans. 9° 47' 59". 
Ex. 3. What was the sun's Longitude on the 28th of Novoth 
ber, 1810, when his Declination was 21° 16' 4", and hia Right 
Ascension, in time, 16h. 14m. 66.4s. ? 

Ana. 245° 39' 10". 

pari, the ttro wUch tig iMxt 10 it on skcb ^de wilt b« at^ttut fartt. Thiu, (is 

Fig' 21,) ukingAfoTimidiUepwt, ftutdewillbs theadJaeeBtpuM; if we Uka 

t for ibe middle part, A and B will b« Fig. SI. 

tbe adjaceot puti; if we take B tin tiM 

middle part, c and a will be tbe adjacent 

jMrta ; bat if we take a fin the middle A?^ 

pan, then aa the angle C ia ootconaiderad 

aa one of tbe circalat paria, B and h are 

the adjacent parta; and, laatlj, iti la tbe 

niddle pact, then tbe adjacent paiti are A and a. thA two parta immadiatei; 

bejond ths adjacent parta on each aide, atill diaregarding the right angle, are called 

the oppoalt partt; thoa if A ii tbe middle part, the oppoaite parti are a and B. 

Napier'a rule ia aa fbllowi : 

Sodiw* into tJu rine if tiie midJli part, tfuaU Ae frodmel of (is laagtnta e/ lAe 
adjaeeat aztmnaf, or of Ikt cctritut qf At oppatita txtrtaiit. 

(The correiponding vowela are maAed to aid the memorj.) Thia rule 1* mod' 
ified bjr uaing the cmnpUmMti of tbe tno aoglei and the hjpothenuae instead of 
tbe parta themaeWea. Thus instead of rad,X*in- A, we say rad.xco*. A, when 
Aiathe middle part; and rad-Xcoa. AB, when tbe hjpothenaae iathe middle part. 

Eiamptaa. I. Id the right angled triangle ABC, aregiTen the two perpendicular 
(idea, viz. a=48° 34' 10", i=69° 26' 27", to find tbe bTpothenuie e. Tbe by- 
potbenuae being made the nuddle part, tbe otber lidei become the oppoaite part*, 
being aepantad fivn the middle part bjihe anglei AandB. Hence, rad. co>.c= 
coa. a cw. l.-.coa, e=^5!i£i?5L*=7o° aP 36". 

2. In the apfasrical triangle, ligbt angled at C, are given two peipeudicuiar aidea, 
viz. a=116° 30' 43", 6=29° 41' 33", to find tbe angle A. 

Hare, tbe required angle aadjaetnl to one of the giren pafta, vie. i, which make 
Ibe middle part. Than, 

Ead-Xiin. *=oot. A tan. g ■■ . cot. Aa "^^ — ""^ ' aTO" 7' Id". . 
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Ex. 4 The sun's LoDgitude beir^ 8s. 7'=^ AO' 66", and the Ob- 
liquity 23° 27' 42^', what was the Right Ascensioa ia tune ? 
Ana. 16h. 23in. 34s. 

133. Oiven the 3u»?s De^naiion to find the time of his Rising 
and Setting at antf place whose latitude is knoum. 

Let PEP' (Fig. 22,) represeDt the meridian of the p^ace, Z 
being the zenith, and HO the horizon ; and Let LL/ be the appar 
rent path of the sun on the proposed ^^- ^■ 

day, cutting the horizon in S. Then 
the uc EZ will be the latitude of the 
[JAce, and consequently EH, or its 
equal Q.0, wiU be the co-latitude, and 
this measures the angle OAQ.; also 
RS will be the sun's decliiudioa, and 
AR expressed in time will be the time 
of rising before 6 o'clock. For it is 
evident that it will be sutuise when 
the sun arrives at the horizon at S ; but PP' being an hour circle 
whose plane is perpendicular to the meridiao, (and of course pro- 
jected into a;straight line on the plane of projection,) the time the 
sun is passing from S to S' taken from the time of describing 
S'L, which is six hours, must be the time from midnight to sun- 
rise. But the time of describing SS' is measured on the corres- 
ponding arc of the equinoctial AR. 

In the right angled triangle ARS, we hare the declination RS, 
and the angle A to find AR. Therefore, 

Rad.Xsin. AR=cot. Axtan. RS. 

Ex. 1. Required the time of sunrise at latitude 62° IS' N. 
when the sun's declination is 23° W. 

Rad. ... .10. 

Cot. A or tan. 62° 13' 10.1105786 

Tan. RS = 23° 28' 9.6376106 

Sin. 




34° 03' 21i" > 

4* \ 

!h. 16' 13" 26"' > 



9.7481892 



3h. 43' 46" 36"'=the time after midnight, and of 
course the time of riEong. 
* DegteM an cODvertod into boun hj laal&plj'ing bj 4 and diTidiny bj 60. 
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Ex. 2. Required the time of sunrise at latitude 57° 2* 64" N. 
when the sun's declination is 23° 98/, 

Am. 3h. llm. 49s. 

Ex. 3. How long is the sun above the iioiizon in latitude 66° 
12' N. vhen his declination is 18° 40' S. ? 

Ans. 7h. 35m. 62s. 

134. Gweai the Latitude of the place, and the Declination of 
a heavenU/ body, to determine its Altitude and Azimuth when on 
the six o'clock hour circle. 

Let HZO (Fig. 23,) be the meridian of the place, Z the zenith, 



Fig. 23. 



HO the horizon, S the place of 
the object on the 6 o'clock hour 
ciicle PSP, which of course cuts 
the equator in the east and west 
points, Emd Z3B the vertical 
circle passing through the sun. 
Then in the right angled trian* 
gle SBA, the given quantities 
are AS, which is the declination, 
and the arc OP or angle SAB, 
the latitude of the place, to find 
the altitude BS, and the azimuth 
BO, or the amplitude AB, which is its complement. 

Ex. 1. What was the altitude and azimuth of Arcturus, when 
upon the six o'clock hour circle of Greenwich, lat. 51° 28' 40" 
N. on the first of April, 1822 ; its declination behig 20° 6' 50" N. ? 

For tht Altihidt. For tlw ^xinniUi. 

Rad. sin. BS=sin. AS sin. A Rad. cos. A=cot. BO cot. AS 
Rad. . . 10. Cot. 20° 06' 60" 10.4362645 

Cos. 61 28 40 9.7943612 

Rad. . . 10. 




Sin. 20° 06' 60" 9.6364162 
Sin. 61 29 40 9.8934103 



Sin. 16 36 27 9.4298265 Cot. 77° 0^ 04" 9.3681067 

Ex 2. At latitude 62° 12' N. the altitude of the sun at 6 o'clock 
in the morning was found to be 18° 20' 23" ; required his decli- 
nation and azimuth. 

Ans. Dec. 20° 60* 12" N. Az. 79° 66' 11". 



'136. The Latitudes and Longitudes o 
being given, to fold their Distance apart 



two celestial objects 




04 THK EABTH. 

Let P (Fig. 24,) reprssent the pole of the ecliptic, and PS, PS', 
two arcs of celestial latitude (Art. 37,) drawn to the two objects 
SS'; then will these arce represent the ^'v- ^■ 

co-latitudes, the angle P will be the 
difference of longitude, and the are SS' 
will be the distance sought. Here we 
have the two sides and included angle 
given to find the third side. By Na- 
pier's Rikles for the solution of oblique angled spherical triangles, 
(see Spherical Trigonometry,} the sum and difference of the two 
angles opposite the given sides may be found, and thence the an- 
gles-themselves. The required side may then be found by the the- 
orem, that the sin^ of the sides are as the sines of their opposite 
angles.* The computation is omitted here on account of its great 
length. If P be the pole of the equator instead of the ecliptic, 
then PS and PS' will represent arcs of co-declination, and the 
angle P will denote difference of right ascension. From these 
data, also, ve may therefore derive the distance between any two 
stars. Or, finally, if P be the pole of the horizon, the angle at 
P will denote difference of azimuth, and the sides PS, PS', zenith 
distances, from which the side SS' may likewise be determined. 

FIGURE AND DKN9rrr OP TBE EARTH. 

136. We have already shown, (Art. 8,) that the figure of the 
earth is nearly globular ; but since the semi-diameter of the earth 
is taken as the base line in determining the parallax of the heav- 
enly bodies, and lies therefore at the foundation of all astronomical 
measurements, it is very important that it should be ascertained 
with the greatest possible exactness. Having now learned the 
use of astronomical instruments, and the method of measuring 
arcs on the celestial sj^ere, we are prepared to understand the 
methods employed to determine the exact figure of the earth. 
This element is indeed ascertained in four different ways, each 
of which is independent of all the rest, namely, by investigating 
the effects of the cetOrifugtU force arising from the revolution of 

' More eoDci»e fbnnabB for the Bolution or this case mij be found in Young's 
Trigonoiiieti7, p. 99. — FraDCOeoi's UrBnographj', Art 330. — Dr. Bowditch'i Prac- 
tU>l ri>vigalor,p.436. 
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the earth on its aids — by measuiing area of the meridian — by 
experiments with the pendulu7n-~anA by the tioequal action of 
the earth on the moon, arising from the redundance of matter 
about the eqiuUorial regions. We vill briefly consider each of 
these methods. 

137. First, the knovm effects of the ceiUrifugal force, would 
give to the earth a ^kemdal Jiffure, elevated in the equatorial^ 
andfUittened in the polar regions. 

Had the earth been originally constituted (as geologists sup- 
pose) of yielding materials, either fluid or semi-duid, so that 
its particles could obey their mutual attraction, while the body 
remained at rest - it would spontaneously assume the figure of a 
perfect sphere ; as soon, however, as it began to levolve on its 
axis, the greater velocity of the equatorial regions would give to 
them a greater centrifugal force, and cause Ihe body to swell out 
into the form of an oblate spheroid. Even had the solid part of 
the etuth consisted of unyielding materials and been created a 
perfect sphere, still the waters that covered it would have receded 
from the polar and have been accumulated in the equatorial re- 
gions, leaving bare extensive regions on the one side, and ascend- 
ing to a mountainous elevation on the other. 

On estimating, from the known dimensions of the earth and 
the velocity of its rotation, the amount of the centrifugal force in 
different latitudes, and the figure of equilibrium which would 
result, Newton inferred that the earth must have the form of an 
oblate spheroid before the fact had been established by observa- 
tion ; and he assigned nearly the true ratio of the polar and equar 
torial diameters. 

138. Secondly, the spheroidal figure of the earth is proved, by 
actually measuring the length of a degree on the meridian in 
diferent latitudes. 

Were the earth a perfect sphere, the section of it made by a 
plane passing through its center in any direction would be a per- 
fect circle, whose curvature would be equal in all parts ; but if 
we find by actual observation, that the curvature of the section is 
not uniform, we infer a corresponding departure in the earth from 
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the figure of a perfect sphere. Tbia tsak of measaring portions of 
the meridian, has been executed in different countries by means 
of a system of triangles with astonishing accuracy.* The lesuU 
is, that the length of a degree increases as we proceed &om the 
equator towards the pole, as may be seen fiom the following table : 





LBliludB. 


Unfi,t.l^„{nml^_ 


Peru, 


0(P OC 00" 


68.732 


Peomylraiiia, 


39 12 00 


68.896 


Italy, 


43 01 00 


68.998 


Prance, 


46 12 00 


69.064 


England, 


ei 29 Mi 


69.146 


Sweden, 


68 ao 10 


69.292 



Combining the results of various estimates, the dimensions of 
the terrestrial spheroid are found to be as follows : 

Equatorial diameter, . . . 7925.648 

Polar diameter, .... 7899.170 

Mean diameter, .... 7912.409 

The difference between the greatest and least, is 26.478=,), 

of the greatest. This fi:sction'(,|,} is denominated the eUipiidty 

of the earth, being the excess of the transverse over the conjugate 

axis, on the suf^xwition that the section of the earth coinciding 

with the meridian, is an ellipse ; and that such is the case, is 

ptored by the fact that calculations on this hypothesis, of the 

lengths of arcs of the meridian in di&rent latitudes, agree with 

the lengths obtained by actual measurement. 

139. Thirdly, thejigvre of the earth ia akovm to be spkeroidat, 
by obserm^ions with the pendulum. 

The use of the pendulum in determining the figure of the 
earth, is founded upon the principle that the nun^er of vibra- 
tions performed by the same pendulum, when acted on by differ' 
ent forces, varies as the square root of the forces.^ Hence, by 
carrying a penduliun to difieient parts of the earth, and coimting 
the number of vibrations it performs in a given time, we obtain 
the relative forces of gravity at those places, and this leads to a' 
knowledge of the relative distance of each place from the center 
of the earth, and finally, to the ratio between the equatorial and 
the polar diameters. 

■ Sse Dajr'i TrigonaDieU7. t Heohanici, Art. 183. 
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140. FonrtUy, that the earth is of a ^heroidal jigiire, is in- 
/errmtfrom the moHota of ike moon. 

Tbeae are- found to be affected by the excess of matter about 
the equatori^ regions, producing certain irregularities in the iunaf . 
motions, the amount of which becomes a measure of the excess 
itself^ and hence affords the means of detennining the earth's 
ellipticitT'. This calculation has been made by the most profound 
mathematicians, and the figure deduced from this source corres- 
ponds very nearly to that derived fiom the several other indepeR- 
dent methods. 

We thus have the shape of the earth established upon the most 
SBtis&ctory evidence, and are furnished with a starting point from 
which to determine varioiis measurements among the heavenly 
bodies. 



' 141. The density of the earth compared with water, that is, its 
specific gravity, is 5^.* The density was first estimated hy Dr. 
HuttoD, from observatitms made by Dr. Maskelyne, Aetronomer 
Royal, on Schehallien, a mountain of Scotland, in the year 1774 



Fig. 25. 



Thus, let M (Fig. 26,) represent 
the moontain, D, B, two stations 
<m opposite sides of the moun- 
tain, and I a star ; and let IE 
and IG be the zenith distances as 
determined by the differences of 
latitodesof the two stations. But 
the ^^Kuent zenith distances as 
determined by the plumb line 
are IE' and IG'. The deviation 
towards the mountain on each 
aide exceeded 7".^ The attrac- 
tion of the ntountain being ob- 
served on both sides of it, and 
its mass being computed fiom a number of sections taken in all 
directions, these data, when compared with the known attraction 
and magnitude of the earth, led to a knowledge of its mean den- 
sity. According to Dr. Hutton, this is to that of water as 9 to 2 ; 




■ Buil7, Am. TibiM, p. 31. 
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but later and more accurate estimates have tnacte the specific 
gravity of the earth as stated above. But this density is neariy 
double the aTerage density of the materials that compose the 
exterior crust of the earth, showing a great increase of density 
towards the center. 

The density of the earth is an important dement, as we shall 
find that it helps us to a knowledge of the density of each of the 
other members of the solar system. 
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PART n. — OP THE SOLAR SYSTEM. 



142. Hatino considered the Earth, in its astronemical relations, 
and the Doctrine of the Sphere, we proceed noT to a survey of 
tile Solar System, and shall treat successively of the Sun, Moon, 
Planets, and Comets. 



CHlLPTER I. 

or THE SUN — SW-AS SFOSS ZODUCAL UOHT. 

143. TBZ^figtire which the sun ivesents to us is that of a per- 
fect circle, whereas most of the planets exhibit a disk more or less 
elUptical, indicating that the true shape of the body is an oblate 
spheroid. So great, however, is the distance of the sun, that a 
hue 400 miles long would subtend an angle of only 1" at the eye, 
and would therefore be the least space that could be measured. 
Hence, were the difference between two conjugate diameters of 
the sun any quantity less than this, we could not determine by 
actuEd measurement that it existed at all. Still we learn from 
theoretical considerations, founded upon the Imown effects of cen- 
trifugal force, aiising fix>m the sun's revolution on bis axis, that 
his figure is not a perfect q^ere, but is slightly spheroidal.* 

144. The distance of the sun Jromthe earth, ianeaily 96,000,000 
miles. For, its horizontal parallax being 8. "6, (Art. 86,) and the 
semi-diameter of the earth 3956 miles. 

Sin. 8."6 : 3966: :Rad. : 96,000,000 nearly. In order to form 
some faint conception at least of this vast distance, let us reflect 
that a railway car, moving at the rate of 20 miles per hour, would 
require more than 600 years to reach the son. 

■ Bee Hgcuique Celwle, 111, 165. Dalunbre, 1 1, p- 4B3. 
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145. The apparent diameter of the sun may be found either by 
the Sextant, (Art. 129,) by an instrument called the H^ometer, 
specially designed for meaauring its angular breadth, or by the time 
it occupies in crossing the meridiaQ. If, for exam^e, it occupied 
4?^, its angular diameter would be 1°. It in fact occupies a little 
more than 2>, and hence its apparent diameter is a little more than 
half a degree, (32' 3"). Having the distance and angular diameter, 
we can easily find its linear diameter. Let E (Fig. 26,) be the 
earth, S die sun, ES a line drawn to the f ^ 
center of the disk, and EC a line drawn 
touching the disk at C: Join-3C; then 

Rad. : ES (95,000,000) : : sin. Ifr l."6 : 

442840 =seini-diameter, and 885680=diam- 

. ,885680 ,,„ , ,•'. . 

eter. Ana ja-in =1^2 nearly j that is, it 

would require one hundred an^wetre bodies 

like the earth, if laid side by side, to reach 

across the diameter of the sun ; and a ship 

sailing at the rate of ten knots an hour, would 

require mate than ten years to sail across the 

solar disk. Since spheres are to each other as £ 

the cubes of their diameters, 

1' : lia»::l : I,400,000 nearly; that is, the sun is about 
1,400,000 times as lai^e as the earth. The distance of the moon 
from the earth being 237,000 miles, were the center of the sun 
made to coincide with the center of the earth, the sun would 
extend evety way from the earth more than twice as fer aa the 
moon. 

146. In density, the sun is only one fotuth that of the earth, 
being but a little heavier than w^«r (Art 141); and since the 
quantity of matter, or mas$ of a body, 14 proportioned to its mag- 
nitude and density, hence, l,400,000xi=360,000, that is, the 
quantity of matter in the sun is three hundred and fifty thousand 
(or, more accurately, 364,936) times as great as in the earth. Now 
the weight of bodies (which is a meaaure of the force of gravity) 
varies directly as the quantity of matter, and inversely as the 
square of the distance. A body, therefore, would weigh 350,000 
times as much on the surface of the sun as on the earth, if the 
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distance of the cent^ of force were the same in both cases ; but 
since the attractioD of a sphere is the same as though all the 
matter were collected in the center, consequently, the weight of 
a body, so &r as it depends on its distance from the center of force, 
would be the square of 112 times less at the sun than at the earth. 
Or, putting W for the weight at the earth, and W for the weight 
at the sun, then 

„ „ 1 360000 

W ; W: : p- ; , ^^g., =27.9 lbs. 

Hence a body would weigh nearly 28 times as much at the sua 
as at the earth. A man weighing 200 lbs. would, if transported 
to the surface of the sun, weigh £>,68Q lbs., or nearly 2 J^ tons. To 
lift one's limbs, woidd, in such a case, be beyond the ordinary 
power of the muscles. At the surface of the earth, a body falls 
through 16 r J feet in a second ; and since the spaces are as the 
Velocities, the times being equal, and the velocities as the forces, 
therefore a body would fall at the sun in one. second, through 
16j',X27i%=448.7feet. 



147. The surface of the sun, when viewed with a telescope, 
usually exhibits dark spots, which vary much, at different times, 
in number, figure, and extent. One hundred or more, assembled 
in several distinct groups, are sometimes visible at once on the 
solar disk. The greatest port of the solar 'spots are commonly 
very small, but occasionally a spot of enormous size is seen occu- 
pying an extent of 50,000 miles in diameter. They are some- 
times even visible to the naked eye, when the sun is viewed 
through colored glass, or, when near .the horizon, it is seen through 
light clouds or vapors. When it is recollected that 1" of the solar 
disk implies an extent of 400 miles, (Art. 143,) it is evident that 
a space large enough to be seen by the naked eye, must cover a 
very laige extent. 

A solar spot usually consists of two parts, the nucleus and the 
umbra, (Fig. 27. ) The nucleus is black, of a very irregular shape, 
and is subject to great and sudden changes, both in form and size. 
Spots have sometimes seemed to burst asunder, and to project frag- 
ments in different directions. The lunbra is a wide mai^in of lighter 
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shade, and is often of greater 
extent than the Ducleos. The 
jspots are usually confined to a 
zone extending across the cen* 
iral regions of the sun, not ex- 
ceeding 60° in breadth. When 
the spots are observed from day 
to day, they are seen to move 
across the disk of ike sun, occu- 
pying about two weeks in pass- 
ing from one limb to the other. 
Aftet an absence of about the 
ing taken 27d. 71). 37m. in the entire rerolution. 

148. The spots must be nearly or quite m contact vilh the body 
tif the sun. Were tbey at any considerable distance from it, the 
time during which they would bo seen on the solar disk, would 
be less than that occupied in the remainder of the revolution. 
Thus, let S (Fig. 2S,) be the sun, E the earth, and abc the path 




period, the spot returns, hav- 



Fig.as. 



of the body, revolving about the sun. 
Unl^s the spot were neariy or quite 
in contact with the body of the sun> 
being (ffojected upon his disk only 
while passing from & to c, and being 
invisible whUe describing the arc cab, 
it would of course be out of sight lon- 
ger than in ^ht, whereas the two pe- 
riods are found to be equal. Moreover, 
the lines which all the solar spots de- 
scribe on the disk of the sun, are found 
to be parallel to each other, hke the 
circles of diurnal revolution around the 
earth, and hence it is inferred that 
they arise from a similar cause, namely, 
the revolution of the sun on his axis, 
a fact which is thus made known to 



But although the spots occupy about 271 ^ays in passing 
from one limb of the sun around to the same limb i^aui, yet 
this is not the period of the sun's revolution on his axis, but 
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exceeds it by nearly two days. For,, let AA'B (Fig. 29,} re^ve- 
aent the sun, aad Ef^M the orbit of the earth. Thus, when the 
earth is at E, the visible disk of the BUd f'€- SB- 

will be AA'B ; and if the earth re- 
mained s^tionary at E, the time occu- 
pied by a spot after leaving A until it 
returned to A, would be just equal to 
the time of the sun's revointion on 
his axis. But during the 27} days in 
which the e^ has been performing 
its apparent levolation, the earth has 
been advancing in his orbit from E to 
E', where the visible disk of the sun is A'B'. Consequently, be- 
fore the spot can appear again on the Umb from which it set out, 
it must describe so much more than an entire revolution as equals 
the arc AA', which equals the ate EE'. Hence, 

366d. Bh. 48m.+27d. Th. 37m. ! 366d. 5h. 48m.::27d. Th. 
37dl ;2dd.9h.56ni.aithetimeof the sun's revolution onhis axis. 

149. If the path which the spots appear to describe by the 
revolution of the sun on his axis left each a visible trace on his 
surface, they would form, like the circles of diurnal revolution 
on the earth, so many parallel rings, of which that which passed 
through the center would constitute the solar equator, while those 
<Hi each side of this great circle would be small circles, corres- 
ponding to parallels of latitude <m the earth. Let us conceive 
of an artificial sphere to rejvesent the sun, having such rings 
[dainly marked on its surface. Let this sphere be placed at some 
distance from the eye, with its axis perpendicular to the axis of 
vision, in which case the equator would coincide with the line of 
vision, and its edge be {resented to the eye. It would therefore 
be projected into a straight line. The same would be the case 
with all the smaller rings, the distance being suf^iosed such tbiU 
the rays of light ccHne frcHU them all to the eye nearly parallel. 
Now let the axis, instead of being perpendicular to the line of 
vision, be inclined to that line, then all the rings being seen ob- 
liquely would be projected into ellipses. If, however, while the 
wpbete remained in a fixed position, the eye were carried atound it, 
10 
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(being alvays in the same plane,) twice during the circuit it 
would be in the plane of the equator, and project this end all the 
smaller circles into straight lines ; and twice, at points 90° distant 
from the foregoing positions, the eye Vould be at a distance from 
the planes of the rings equal to the inclination of the equator <^ 
the sphere to the line of vision. Here it would project the rings 
into wider ellipses than at other points ; and the ellipses would 
become more and more acute as the eye departed from rither of 
these points, until they vanished again into straight lines. 

160. It is in a similar manner that the eye views the paths de- 
scribed by the spots on the sun. If the sun revolved on an axis - 
perpendicular to the plane of the earth's orbit, the eye l>eing situ- 
ated in the ^ane of revolution, and at such a distance from the 
sun that the light comes to the eye from all parts of the solar 
disk nearly parallel, the paths described by the spots would be 
projected into straight lines, and each would describe a straight 
line across the solar disk, parallel to the axis of vision. But the 
axis of the sun is incUned to the ecliptic about 7^° from a per- 
pendicular, so that usually all the circles described by the spots 
SLre projected into ellipses. The breadth of these, however, will 
vary as the eye, in the annual revolution, is carried around the 
Sim, and when the eye comes into the jdane of the rings, as it 
does twice a year, they are projected into straight lines, and for a 
short time a spot seems moving in a straight line inclined to the 
plane of vision 7J°. The two points where the sun's equator cuts 
^e ecliptic are called the sun's nodes. The longitudes of the 
nodes are 80° 7' and 260° 7', and the earth passes through them 
about the 12th of December, and the 11th of June. It is at 
these times that the spots appe^ to describe straight lines. We 
have mentioned the various changes in the apparent paths of the 
solar spots, which arise from the inclination of the sun's axis to 
the plane of the ecliptic ; but it was in fact by first observing 
Aese changes, and [«oceeding in the reverse order from that 
which we have pursued, that astronomers ascertained that the 
gun revolves on bis axis, and that this axis is inclined to the 
ecliptic 823°. 
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151. Wi^ regard to the cause of the solar spots, various hy- 
potheses hare been proposed, none of which is entirely satis^- 
tory. That which ascribes their origin to vokanie action, appears 
to us the most reasonable.* 

Besides the dark spots on the sun, there are also seen, in different 
parts, i^aces that are brighter than the neighboring portions of the 
disk. These are called /ocuUb. Other inequalities big obserrar 
ble in powerful telescopes, all indicating that the surface of the 
sun is in a state of constant and powerful agitation. 

ZODIACAL LIQHT. 

152. The Zodiacal Light is a faint light resembling the tail of 
a comet, and is seen at certain seasons of the year following the 
course of the sun after evening twilight, or preceding his approach 
in the morning shy. Figure 30 represents its appearance as seen 
in the evening in March, 1836. The following are the leading 
facts respecting it. 

1, Its form is that of a luminous Fig. 30. 
pyramid, having its base towards 

the sun. It reaches to an immense 
distance from the sun, sometimes 
even beyond the orbit of the earth. 
It is brighter in the parts nearer the 
sun than in those that are more 
remote, and terminates in an ob- 
tuse apex, its light fading away by 
insensible gradations, until it be- 
comes too feeble for distinct vision. 
Hence its limits are at the same 
time, fixed at different distances 
from the sun by different observers, 
according to their respective powers 
of vision. 

2. Its aspects vary very much with the different seasons of the 
year. About the first of October, in our climate (Lat. 41° 18'] 
it becomes visible before the dawn of day, rising along north of 



* In the ijitem of infuuclion in Yile Coltege, iiibjecn of thi* kind tit ili». 
caned in a courae of ulroaomtcaJ lecturei, sddreiaed to the cIbh ifter iheT hiv« 
finiifaed the perusal of tbe text-book. 
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the ecliptic, and tenuiaatiDg abore tbo nebula of Cancel. A.bont 
the middle of November, its vertex is ia the constellation Leo. 
At tbia time no traces of it are seen in the west after sunaet, but 
about the first of December it becomes faintly viBible in the vest, 
crossing the Milky Way near the horizon, and reaching from the 
sun to the head of Cajnicorous, forming, as its brightness increases, 
a counterpart to the Milky Way, ^wtveen which on the right, 
and the Zodiacal Light on the left, lies a triangular space embra- 
cdng the Dolj^n. Tbiongb the month of December, the Zodi- 
acal Light is seen on both sides of the sun, namely, before the 
momiog and after the evening twilight, sometimes extendi!^ 60° 
westward, and 70° eastward of the sun at the same time. After 
it begins to appear in the western sky, it increases rapidly from 
.n^ht to night, both in lei^th and brightness, and withdraws itself 
fiom the morning sky, where it is scarcely seen after the month 
of December, until the next October. 

3. The Zodiacal Light moves thrmigh the heavens in ike order 
of the signs. It moves with uneqiial velocity, being sometimes 
atatkMmry md soBoetiiiMS retrograde, while at other times it ad- 
vances much faster than the sun. In February and March, it is 
very conspicuouB in the west, reaching to the Pleiades and be- 
" yond ; but in April it becomes more faint, and nearly or quite dis- 
«{^)eani during the month of May. It is scarcely seen in this 
latitude during the summer months. 

4 /f ia remarkably oonsptcuotu at certain periods of a few 
years, and thenfm- a long interval altnoat disappears. 

6. The Zodiaeal lAght was formerly held to be tfie aimo^here 
<(f the stin.* But La Place has shown that the solar atmoqtheie 
could never reach so far ftom the sun as this light is seen to ex- 
tend.-)- It has been supposed by others to be a nebulous body 
revolving aroimd the sun. The idea has been suggested, that 
ttie extraordinary Meteoric Showers, which at different periods 
tisit tbe earth, especially in the montfi of November, may be de- 
rived from this body.{ 

* Hair&Q, Memoin French Acsdemj, for 1733. t Hec. Celette, III, 525. 

t The " origia of Heleoric Sbowera" ii deemed to be a lubject Dot jel suffi- 
dentlf mitured to have place in an •lemaBtar; work like the praunt ; but the 
■athor begi leave to refer the reader to Mms obterratioiu of lli* OH tUi nibject io 
different Tolomei of the American Journal of Science. 
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CHAPTER 11. 



or TBI iPPABENT AHNUil. MOTION Or THE 9CM SEASONS 

TIOUBE OF THE BABTB's OBBIT. 

163. The tevolutioa of the earth around the sua once a year, 
produces aa appfutent motioa of the sua around the earth in the 
aatne period. When bodies are at such a distance from each other 
as the earth and the bud, a spectator on eiUier would [voject the 
other bod/ upon the concave sphere of the heaveDS, always seeing 
it oD the oi^KKdte ade of a great circle, 180° from himself. Thus 
vhen the earth airiTes at Libra (Fig. H,) wo see the sun in the 
o|q;)oute sign Aries. When the earth moves &om Libra to Scof- 
1^0, as we are unconscious of our own motion, the sun it is that 
afpeaa to move irom Aries to Taunis, being always seen in the 
heavens, where a liue drawn from the eye of the spectator through 
the body meets the concave sphere of the heavens. Hence the 
line of [sojectioD carries the sun forward on one side of the 
ecUptic, at the same rate as the earth moves on the opposite side ; 
and therefore, although we are imcooacious of our own motion, 
we can read it from day to day in the motions of the sun. If we 
could see the stars at the same time with the sun, we could actu- 
ally observe from day to day the sun's progress through th«n, as 
we observe the prepress of the moon at night ; only the sun's rate 
of motion would be nearly fourteen times slower than that of the 
moon. Although we do not see the stars when the sun is ivesent, 
yet efbr the sun is set, we can observe that it makes daily Tpm- 
gress eastward, as is s^parent fiom the constellations of the Zo- 
diac occupying, successively, the western sky after sunset, proving 
that either all the stars have a common motion eastward inde- 
pendent of their dimnal motioa, or that the sun has a motion past 
them, irom west to east. We shall see hereafter abundant evi- 
dence to [vove, that this change in the relative position of the sun 
and stars, is owing to a change in the aji^iarent place of the sun, 
and not to any chan^ in the stars. 
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154 Although the iqiparent revoludoa of ibe sun is in a ditec- 
tion opposite to the real motion of the earth, as regards absolute 
space, yet both are aerertheless fiom west to east, since these 
terms do not refer to any directions in absolute space, but to the 
order in which certain constellations (the constellations of the 
Zodiac) succeed one another. The earth itself, on opposite sides 
of its orbit, does in fact move towards directly opposite points of 
space ; but it is all the while parsuing its course in the order of 
the signs. In the same manner, although the earth turns on its 
axis from west to east, yet any place on the surface of the earth 
is moving in a direction in space exactly opposite to its direction 
twelve hours before. If the sun left a visible trace on the face 
of the sky, the ecUptic would of course be distinctly marked on 
the celestial sphere as it is on an artificial globe ; and were the 
equator delineated in a similar manner, (by any method like that 
supposed in Art. 46,) we should then see at a glance the relative 
position of these two circles, the points where they intersect one 
another constitutii^ the equinoxes, the points where they are at 
the greatest distance asunder, or the solstices, and various other 
particalars, which, for want of such visible traces, we are now 
obliged to search for by indirect and circuitous methods. It will 
even aid the learner to have constantly before his mental vision, 
an imaginary delineation of these two important circles on the 
face of the sky. 

165. The method of ascertaining the naiwe and position of 
the earth's orbit, is by observations on the sun's DecUnation and 
Right Ascension. 

The exact declination of the sun at any time is determined 
from his meridian altitude, or zenith distance, the latitude of the 
place of observation being known, (Art. 37.) The instant the 
center of the sun is on the meridian, (which instant is given by 
the transit instrument,) we take the distance 6f his upper and 
that of his lower limb from the zenith : half the sum of the two 
observations corrected for refraction, gives the zenith distance 
of the center. This result is diminished for parallax, (Art. 84,) 
and we obtain the zenith distance as it would be if seen &om the 
center of the earth. The zenith distance being known, the de- 
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clination is readily found, by mibtracticg that distance from the' 
latitude. By thus taking the sua's declination for every day c^ 
the year at noon, and comparing the results, we leam its motion 
to and from the equator. 

156. To obtain the motion in right ascension, we obserTC, with 
a transit instrument, the instant when the center of the sun is on 
the meridiaa. Our sidereal clock gives us . the right ascension in 
time (Art. 124,) which we may easily, if we choose, convert into 
degrees and minutes, although it is more common to express right 
ascension by hours, minutes, and seconds. The differences of 
right ascension from day to day throughout the year, give tis the 
sun's annua] motion parallel to the equator. From the daily re- 
cords of these two motions, at right angles to each other, arran- 
ged in a table,* it is easy to trace out the path of the sun on the 
artificial globe ; or to calculate it with the greatest precision by 
means of spherical triangles, since the declination and right ascen- 
sion constitute two sides of a right angled spherical triangle, the 
corresponding arc of the ecliptic, that is, the longitude, being the 
third side, (Art. 133.) By inspecting a table of observations, 
we shall find that the declination attains its greatest value on 
the 22d of December, when it is 23° 27' 64" south ; that from 
this period it diminishes daily and becomes nothing on the 21st 
of Match ; that it then increases towards the north, and reaches 
a similar maximum at the northern trc^c about the 22d of June ; 
and, finally, that it returns again to the southern tropic by gra- 
dations similar to those which marked its northward progress. 
Our table of observations also rfiows us, that the daily differences 
of declination are very unequal ; that, for several days, when the 
sun is near either trojac, its declination scarcely varies at all ; 
while near the equator, the variations from day to day are very 
rapid, — a fact which is easily understood, when we refiect, that 
at the solstices the eqtutor and the ecliptic are parallel to each 
other,t both being at right angles to the meridian ; while at the 

* Such a ubie mvf be fiiund in Bjot'i Anronomj, in Detimbre, uid in moM 
coliectioni of Aitronoaueal Tablet. 

t Or, mora proparl]', the UtigenU of the two circlet (nhioh denote the direo- 
lioM or ibe currei il tlxMe poinli) are pmllel. 
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equinoxes, the ecliptic departs most i^dly from the direction oC 
the equator. 

Oil examining, in like manner, a table of obaerrations of the 
right ascension, we find that the daily diflerences of right ascetir 
sion are likewise unequal ; that the mean of them all is 3' 56", 
or 236", but that they hare vaned between 215" and 266". On 
examining, moreover, the right ascension at each of the equi- 
noxes, we find that the two records differ by 18(P ; which proves 
that the path of the sun ia a great circle, since no other would 
bisect the equinoctial as this does, 

157. TTie ohUquity of the ecliptic is equal to the sun's greatest 
decUncUion, For, by article 22, the inclination of any two great 
circles is equal to their greatest distance asunder, as measured on 
the sphere. The obliquity of the ecliptic may be determined 
from the mn's meridian altitude, or zenith distance, on the day 
of the solstice. The exact instant of the solstice, however, will 
not of course occur when the sun is on the meridian, but may 
happen at some other meridian ; still, the charges of declinMion 
near the solstice are so exceedingly small, that no material error 
will result from this source. The obliquity may also be found, 
without knowing the latitude, by observing the greatest and . 
least meridian altitudes of the sun, and taking half the difference. 
This is the method practiced in ancient times by Hif^iaichus, 
(Art. 2. ) On comparing observations made at different periods 
for more than two thousand years, it is found, that the obUquity 
of the ecliptic is not constant, btiti that it undergoes a slight dimi- 
nution from age to age, amounting to 52" in a century, or about 
half a second annually. We might apprehend that by successive 
approaches to each other the equator and ecliptic would finally 
coincide ; but astronomers have found by a most profound inves- 
tigation, founded on the principles of universal gravitation, that 
this variation is confined within certain narrow limits, and that 
the obliquity, after diminishing for some thousands of years, will 
then increase for a similar period, and will thus vibrate for ever 
about a mean value. 

158. The dimensions of the earth's wbit, u>ken eompare^witk 
iis own magnitude, are immense. 



..Google 



81 

Since the dirtuice of the aartb from the sun is 95,000,000 
miles, and the lengtb of the entiie orbit neariy 600,000,000 milea, 
it will be finud, on emulation, that the earth moTea 1,640,000 
mileBperdaj, 68,000 miles per hour, 1,100 iniles per minute, 
aod neaily 19 miles erery second, a velocity nearly sixty times 
■s fsnat as Um mazimirai velctcity of a cannon ball. A ptace on 
the earth's equator turns, in the diumat revoluticm, at the rate of 
about 1,000 miles an hour and ^^ of a mile per secoud. The 
motion around the sun, therefore, is nearly 70 times as swift as 
the greatest moti<»t around the axis. 

THE SEASONS. 

159. 7%c change of seasons d^enda on two causes, (1) the ob- 
UquUy of the ecliptic, and (2) the earth^s axis always remaining 
parallel to itself. Had the earth's axis, been perpendicular to the 
jdane of its orbit, the equator would have coincided with the 
ecliptic, and the sun would hare constantly appeared in the equa- 
tor. To the inhabitants of the equatorial regions, the sun would 
always have appeared to more in the prime vertical ; and to the 
inbabitaats of either pole, he would always have been in the ho- 
rizon. But the axis being turned out of a perpendicular direc- 
tiim 23*^ 28', the equator is turned the same distance out of the 
ecliptic ; and since the equator and ecliptic are two great circles ^ 
which cut each other in two opposite points, the sun, while per- 
forming his circuit in the ecliptic, must evidently be once a year 
in each of those points, and must depart from the equator of the 
heavens to a distance on either side equal to the inclimuion of the 
two circles, that is, 23° 28'. (Art 22.) 

160. The earth being a globe, the sun constantly enlightens 
the half next to him,* while the other half is in darkness. The 
boundary between the enlightened and the anenlightened part, is 
called tht eircle of iiluminaiion. Wlien the earth is at one of 
the equinoxes, the sun is at the other, and the circle of illumina- 

* Id fiul, ihfl aun antighteDB ■ little more than b&If the earth, since on accoont 

oT hi* TMt PiagDitude the tugeDtt dtiwa fKmi oppatite lidM of tba lun to oppo- . 

MIe liiM of the anth, DonTMse to K point beUnd tba Mith, a* will be Men bj 

ud bjr in the tepiaaentntioa of aclipMa. 

11 
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tion passes thiougli both Ae poles. When the earth naehes <Hie 
of thfi tropi(», the sun beiog at the other, the circle of illuiiiiQ&- 
tion cuts the earth, so as to pass 23° 28' beyood the Dearer, and 
the same distaace short of the remoter pole. Tbese results woald 
not be uniform, vere not the earth's axis always to remain parallel 
to itself. The foUowing figure will illustrate the fi»^oiog state- 
xasaXM. 

Fig. 31. 




Let ABCD represent the earth's place in different parts of its 
wbit, baring the sun in the center. Let A, C, be the position of 
the earth at the equinoxes, and 6, D, its positions at the tropics, 
the axis na being always parallel to itself.* At A and C the sun 
shines on both n and a ; and now let the globe be turned round 
on its axis, and the learner will easily conceive that the sun wiU 
appear to describe the equator, which being bisected by the bori- 



oUplm 



I « b ibora, and thai 
Wmrdi * ii bdow the pluM of the paper. It is impoiteni U> tarn a juit coim^ 
lion of the pOMiion of Ibe aiii with mpeot M the plana of iu oibii. 
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son of tsvvTf phoe, of ooone &e day and night will be equal in 
all parts of the globe * Again, at B vhen the earth is at the 
southern tFO[Hc, the sun Bhioes 33^° beyond the north pole n, 
and falls the same distance short of the south pole s. The case 
is exactly rereraed when the earth is at the northern tropic and 
-ttiesanattbesoQthem. Wlule the earth is at one of the tropics, 
at B f(H- example, let us conceive of it as turning on its axis, and 
we shall readily see that all that part of the earth which lies 
within the north polar circle wilt enjoy continual day, while that 
within the sootb polar carcle will have continual night, and that 
all other places will have their days longer as they are nearer ta 
0M enlightened pole, and shortO' as they are nearer to the unen- 
lightened pole. This figure likewise shows the successive poei- 
tiona of the earth at different periods of the year, with respect to 
the agns, and what months correspond to particular ugns. Thus 
the earth enters Libra and the sun Aries on the 21st of Mareh, 
and on the 21st of Jane the earth is just entering Gi^com and 
the son Cancer. 

161. Had the axis of the earth been perpendicular to the plane 
of the ecliptic, then the siin would always have appgared to move 
in the eqimtor, the days would every where have been equal to the 
nights, and there could have been do change of seasMis. On the 
other hand, had the inclination of the ecliptic to the equator been 
much greater than it is, the vicissitudes of the seasons would have 
been [nvportioaally greater than at present. Suppose, for instance, 
the equator had been at right angles to the ecliptic, in which case 
the poles of the earth would have been situated in the ecliptic 
itself; then in different parts of the earth the appearances would 
have been as follows. To a spectator on the equator, the sun as 
he left the vernal equinox would every day perform his diurnal 
revolution in a smaller and smaller circle, until he reached the 
north pole, when he would halt for a moment and then wheel 
about and return to the equator in the reverse order. The pio- 
gtess of the sun through the southern signs, to the south pole, 
would be similar to that already described. Such would be the 

e of the eqainos, app**!! biaeoled bj- 
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qipeatanoes to an inhabitant ot th« eqaatoridl i^ioiu. To a 
spectatw living in an oblique sphere, in our ovn l^ude for ex- 
ample, the Min while north of the equator woutd advance con- 
tinually northward, making his diurnal circuits in psrallela fiutber 
and farther distant from the eqnatw, until be reached the circle of 
perpetual aj^nrition, after which he would climb by a spsral course 
to the north star, and then as r^ndljr return to the equatw. By 
a similar progress ■outfaward, the sun would at length pass tlw 
circle of perpetual occuUation, and for some time (which wouU 
be longer or Sorter according to the latitude of the {dace of ob> 
aervation) there would be continual night. 

The great vicissitudes of heat and cold which would attend 
such a motion of the nm, would be wholly incompatible with 
Uie existence of either the animal or the v^elable kingdoms, 
and all terrestrial nature would be docmed to perpetual slesiiity 
and deeolation. The happy provision which the Creator has 
made against such extreme vicisutodes, by confining the changes 
of the seasons within such narrow bounds, conspires with many 
other express arrangements in the economy of nature to secure 
the safety and ccmifort of the human race. 

TIGWBE OF THE BABTB's OKBrT. 

162. Thus far we have taken the earth's orbit as a great circle, 
such being the projection of it on the celestial s[rfiere ; but we 
now proceed to investigate its actual figure. 

Were the earth's path a circle, having the sun in the center, the 
sun would always appear to be at the same distance from us ; 
that is, the radius of its orbit, or radius vector, the name given to 
a line drawn from the center of the sun to the orbit of any planet, 
would always be of the same length. But the earth's distance 
from the sun is constantly varying, which shows that its orbit is 
not a circle. We learn the true figure of the orbit, by ascertain- 
ing the relative distances of the earth from the sun at various 
periods of the year. These all being laid down in a diagram, 
according to their respective lengths, the extremities, on being 
connected, give us our first idea of the shi^ of the orbit, which 
appears of an oval form, and at least resembles an ellipse ; and, 
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oh-AhUhv trial, «e find that it has the piopertiCB d" an dlipM. 
Thus, kt E (Fig. 33,) U the place of the earth, and a, b, e, &c. 
SDcceviva pontiona of the mm ; the retatn>e lengtba of the lioea 
£>, EA,'&«. being known: on conneeting the points, a, A, c, Sk. 
the moltiiig %an iodicates the tine ahepe ttf the earth's orbit. 




1 63. These relatiTe distancefl are found in two different ways ; 
£at, by ehanget in ike ntn't appatmt diameter, and, eecondly, 
iy variaiiotu in hia angular vebxHy. Were the TaiiatitHu in 
the sun's horizontal parallax considerable, as is the case vith the 
moon's, this might be made the measure of the relative distances, 
for the parallax varies inversely as the distance, (Art. 82) j but 
the whole hcvizontal parallax of the sun is only 9", and its varia- 
tions are too slight and delicate, and too difBcult to be found, to 
serve as a criterion of the changes in the sun's distance from the 
earth. But the changes in the sun'a apparetU diameter, are much 
more sensible, and furnish a better method of measuring the rel- 
ative distances of the earth from the sun. By a principle in op- 
tics, the apparent diameter of an object, at different distances 
from the i^>ect«tor, is inversely as the distance.* Hence, the ap- 
parent diameters of the sun, taken at different periods of the year, 
become measures of the different lengths of the radius vector. 

* More exactly, thstai^viitof IbsspparaDt diimetec ia inTenelf u lli« diUuwe; 
bat in uull ui|la like UioM coDoerBait ill tba preaaDt iaqairf , Iba angle Jtaalf 
mtjr be taken lor the tangeil. 
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164. The point when the earth, or any [4aQet, in Us revdution, 
18 nearest the sun, ia called its jterihdion : the point whne it is 
farthest from the sun, its aphdion. The fdace of the earth's pMi- 
balion is known, since there the af^iaient magnitude of the son 
IB greatest ; and when the sun's magnitude is least, the earth ia 
known to be at its a^dieUon. The sun's apparent diameter when 
greatest is 32' 36."6 ; and when least, 31' 31" ; hence the radius 
vector at the E^iheliim : tad. vectw at the perihelion: ;32.5933 : 
31.6167: :1.034 : 1. Half the difference of the two is equal to 
the distance of the focus of the ellipse from the center, a qoai^ 
tity which is always taken as the measure of the eoceiUrv^ ot tk 
[danetary orbit. 

165. The differences of angular vdocity in the sun in the dif- 
ferent parts of his apparent revolution, are stilt more remarkable. 
At the perihelion, the sun moves in twenty four hours over an arc 
of 61', while at the aphelion he describes in the same time an 
are of only 57', these being the daily increments of longitude in 
those two points respectively. If the apparent motions of the 
Bun depended alone on our different distances &oin him, the an- 
gular velocity would vary inversely as the distance, and the ratio 
expressed by these two numbers would be the same as that of 
the two niunbers which denote the differences of apparent diam- 

61 
eter in these two points. That is, 57 ( = 1.07) would equal 

32.5933 

oi' giey ( =1.034) ; but the first fraction is equal to the square of 

the second, for 1.07=1.034'. Hence, 

7'Ae sun's angular velocities at the perihelion and the aphelion, 
are to each other inversely as the squares 0/ the distances. 

The angular velocities, therefore, which can be measured very 
accurately by the daily differences of right ascension and decli- 
nation (Art 132,) converted into corresponding longitudes, ena- 
ble us to determine the different distances of the earth from the 
sun at various points in the orbit. 

166. Since the ares described by the earth in any small time;;, as 
in single days, are inversely as the squares of the distances, conse- 
quently, the (JuAmces are as the square roots of the arcs. Upon 
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this princiide, the relatire dlstaDces of the earth from the son, ia 
every point of its revolution, may be easily calculated. Thjis, wa 
hA-e seen tbat the arcs described by the sun in one day at the 
perihelion and aphelion aie as 61 to 67. Hence the distances of 
the earth from the sod at those tvo points are as v^67 to v'61, 
or as 1 to 1.034. From twenty four observations made with 
the greatest care by I^. Maskelyne at the Royal Observatory of 
Greenwich, the following distances of the earth from the sun are 
determined for each month in the year. 

Tfme qf Obtention. DiHanea. That ^ 

January 13-13, 0.98448 July 



February 17-18, 
March 14^15, 
April 38-29, 
May 15-16, 
June 17-18, 



0.98950 
0.99622 
1.00800 
1.01234 
1.016fi4 



18-19, 
August 26-27, 
September 22-23, 
October 24-25, 
November 18-^0, 



1.01658 
1.01042 

1.00283 
0.99303 
0.98746 



December 17-18, 0.98415 
Fig. 33. 



167. The angular velocity being 
inversely as the square of the dis- 
tance in all peita of the eolai orbit, 
it follows that tkeproduct of the an- 
gle described in any given time, by 
the square of the distance, ia always 
the same constant quantity. For 
if of two factors, A x B, A is in- 
creased as B is diminished, the pro- 
duct of A and B is alwa^ the same. 
If, therefore, from the son S (Pig. 
33,) two radii be drawn to T*, B, the extremities of the arc de- 
scribed in one day, then ST' xTB gives the same laoduct in all 
parts of the orbit.* 

168. The radius vector of the uJar orbit describes equal spaces 
in equal Htnes, and in unequal times, spaces proportioned to the 
times. 

Let TB (Fig. 33,) be the arc described by the sun in one day ; 
then. Sector TSB—iSB x TB. 




* TB, 



u fMti &0II1 Uis eartb, would be projacted into ftoiroiilv ic, aqiul U 
ofthaaDgleuS. 
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Taking 3b u sDy radios, dswmlie the drcoltr ue ab, which ii 

the mesiaQre of the aogle Rt S. Now, 

Sfr :a&::SB : BT=SB>Cgi ; and suhstituting thu value of 

ab 
BT in the above equation, we have TSBE^BxSBXg^^iSB* X 

a& 

gr But 8b IB constaiit, end the pcoductof SB' xoA is bkewise 

constant ; therefore the sector is always equal to a constant qoao- . 
tity, and thwefore the radius vector possra over equal spncea ia 
equal times.* 

The sun's orbit may be accurately represented by taking some 
point as the perihelion, drawing the radius vector to that point, 
and, considering this line as unity, drawing other radii making 
angles with each other such that the included areas shall be [ao- 
portiooal to the times, and of a length required by the distance of 
each point as given in the table (Art. 166. ) On connecting these 
radii, we shall thus see at once how httle the earth's orbit departs 
from a perfect circle. Small as the difTerence a[^)ears between 
the greatest and least distaiicefi, yet it amounts to nearly ^ of the 
perihelion distance, a quantity no less thaa 3,000,000 of miles. 

169. The foregoing method of determining Uie figure of the 
earth's orbit is founded on obaervaHon ; but this figure is subject 
to numerous irregularities, the nature of which cannot be clearly 
understood without a knowledge of the leading {xinciples of 
Universal Gravitation. An acquaintance with these will also be 
indispensable to our understanding the causes of the numeroos 
inegularities which (as wilt hereafW apftear) attend the motions 
of the moon and planets. To the laws of universal gravitation^ 
therefwe, let us next af^y our attenticm. 

* Fnacow, Una., p. BSL 
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170. Umitebsil Gratitaxiok, is that influence 6y which evtry 
body in the universe, whether great or amail, tends towarda every 
other, withajbrcewkichis directly aa the quantity of matter, and 
inversely as the squwe of the distance. 

As this force acts as tboagfa bodies were drawn towards each 
other by a mutual attiaction, the force is denominated attraction ; 
but it must be borne in mind, that this term is figurative, and 
implies nothing respecting the nature of the force. 

The existence of such a force in nature was distinctly asserted 
by several astronomers ^vious to ttie time of Sir Isaac Newton, 
but its laws were first promulgated by this wonderful man in his 
mnci[w, m the year 1687. It is related, that while sitting in a 
garden, and mu^ng aa the cause of the falling of an apple, he 
reasoned thus :* that, since bodies tar removed from the earth 
fall towards it, as from the tops of towers, and the highest moun- 
tains, why may not the same influence extend even to the 
moon ; and if so, may not this be the reason why the moon is 
made to revolve around the earth, as would be the case with a 
cannon ball were it projected horizontally near the earth with a 
certain velocity. According to the first law of motion, the moon, 
if not continually drawn or impelled towEuds the earth by some 
force, would not revolve around it, but would proceed on in B 
straight line. But going around the earth as she does, in an 
orbit that is nearly circular, she must be urged towards the earth 
by sOTne force, which, ia a given time, may be tepresented by the 
versed sine of the arc described in that time. For let the earth 
(Fig. 34,) be at E, and let the arc described by the moon in one 
second of time be Ab. Were the moon influenced by no extra- 
neous force, to turn her aside, she would have described, not the 
aic Ah, but the straight line AB, and would have been found at 



• pBDtMItOD'i View of Nowlon'i fhilowjpby. 
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the end of the given time at B instead of b. She therefiwe d»- 
pRTta from the line ia which she tends naturally to move, by the 
line BA, which in small angles may be taken as equal to the 
■ versed sine Ao. This deviation from *"'!■ ^■ 

the tangent must be owing to aome 
extraneous force. Does this force coi^ 
lespond to what the force of gravity 
exerted by the earth, would be at the 
distance of the moon ? Now we know 
the distance of the moon from the 
earth, and of course the circumference 
of her orbit. We also know the time 
of her revolution around the earth. 
Hence we may estimate the length of 
the arc Ab described io one second ; and 
knowing the arc we can calculate its versed sine. For the moon be- 
ing 60 times as far from the center of the earth, as the surfoce of Urn 
earth is from the center, consequently, since the force of gravity 
decreases as the square of the distance increases, the space through 
which the moon wtiuld fall by the force of the earth's attraction 

16/, 
alone, would be gvp-s.OS inches. On calculating the value of 

the versed sine of the arc described in one second, it proves to be 
the same. Hence gravity, and no other force thaa gravity, causes 
the moon to circulate around the sun. 




171. By this process it was discovered that the lav of gravitation 
extends to the mootL By subsequent inquiries it was found to 
extend in like manner to all the {Janets, and to every member oC 
the solar system ; and, finally, recent investigations have shown 
that it extends to the 6xed stars. Tlie law of gravitation, thete- 
fore, ifi now established as the grand principle which governs all 
the motions of the heavenly bodies. Hence, nothing can be more 
deserving of the attention of the student, than the development 
of the results of this universal lav. A few of them only are all 
that can be exhibited in a work Uke the, jresent : their full de- 
velopment must be sought for in such great works as the Mecan- 
ique Celeste of La Place. 
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172. If a hedff reoohes about an immovable center of force, and 
» amatantfy attracted to it, it viU ahoof/a move in tJte same plane, 
and elescribe areas about the center proportional to the times.* 

Let S {Fig. 35,) be the center of force, and suppose a body to 
be projected at F in the direction PQ,R, and take PQ, = CIR,- 
thea by the first law of motion, the body vould move unifonnly 
in the directioo FOR, and describe PQ,, QA, in the same time, 
if no other force acted upon it. But when the body comes to % 

Fic.36. 




let a nngle impulse act at S, sufficient to draw the body through 
Q.V, in the time it would have described .Q.R ; and complete the 
paiallelogram YQRC, and the body in the same tim« will de- 
scribe Qf^ ; therefore, PQ,, Q,Cj are described in the same time. 
But the triangle SC(i=SRQ.=SPQ ; that is, equal areas are 
described in equal times. For the same reason, if a single im- 
pulse act at C, D, E, &c. at equal intervals of time, the sevetal 
areas SPQ,, SftC, SCD, SDE, ioc. will all be equal to each other. 
Now this demoDstraticm is independent of any particular dimen- 
sions in the several triangles, and consequently, holds good when 
they are taken indefinitely small, in which case we may consider 
the force as acting, not by separate impulses, but constantly, caus- 
ing the body to describe a curve around S. And as no force acta 

* TbelMtoer will tentrk that nbalhaa bean b«fi»«pn>Tftd (Art. ]6B,)naiwct. 
iflf di« wdim T*etOT of the eutli,iihere ibown to hold food witb reapeet to tMry 
body which rerolvea aToand a eenier of force ; and the aama ii traa of eevenl 
Otbai pK^oaitioDa damonatrated is thia chapter. 
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oat of tbfl pluke SPQ^ the vbole oorre must lie in that plane ; 
that is, tlu hotfy movea ahaaya tn the aoflM^iA 

173. If a body dacribes a curve around a center towards which 
it tmds bji any force, the angular velooUy of the body around that 
eenier it recxprocally as the aquare of the distance from it* 

Let ABE (Pig. 36,) be any cmvo ^'l- *■ 

dMcribed about the center S ; drsv SA, 
SB, to any tvo points of the curve A 
and B; and let AD, BE, be described 
in indefinitely »nall equal times. Join 
SD and SE, and with the center S and 
distance SD, describe a circle meeting 
SA, SB, SE, in F, G, H ; and with 
the center S and distance SE describe 
a circle meeting SB in E. 

Because AD and BE are described in 
equal times, the triangles ASD, BSE, 
are equaL Hence, (Euc. 15. 6.) 

DP:EK::K3 !FS::BS :ASt::BS« :BSxAS(i) 
GH : EK::SH ; SE::SF : SE::SA : SB::SA< 
Hence, (I) DF : B3>::EE : BSxAS 
(2) GH : AS* : :EK : B3 XAS 
.-. DF:GH;:BS' : AS'. 
But DP and GH measure the respective angular velocities at 
A and B, while A3 and BS represent the distance at the same 
points. Therefore, the angular velocities are reciprocally as the 
squares of the distances.| 

174. In the game curve, the vdodly, at any point of the curve, 
varies inversely as the perpendiatlar drawn from the eetttw of 
farce to the tangent at that point. 

Draw SY (Fig. 36,) perpendicular to <1P produced ; then the 

aiea .SPQ = iPQ, x SY, which varies as PQ x SY .:. PCI a 

areaSPa „ ^^ „ ^ , . „ „ area SPft „ 
— gy But PQ, xT, the velocity ^ P.*. V oc — gy Now 

* It wiH b« ramarked tiiat Ibia ii a gttural propoution, of which utitde 165 tt- 
fbidt ■ pBTticulv example. 

1 For, whan the Ui«D(le> lie indefioitel; diainMbed, thiaa two ntioi «n ulti* 
nUalj equal. 

t Stawan'i Phja. and Hath. Em«ji. 
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in the curve deseribed from P, withaconstaDtfoiee, STbeeotuto 
a parpendicalw to the tangeat to the curve. But by Brticl« 
172, the uea described in « giiven time is conBtaut. Theiefore 
SFQ. is constant, and y a: QY^; that is, the velocity varies in- 
versely as the perpendiculBr apon the tangent. Hence, the velo- 
city a{ a revolving body increasea as it ap|xoachea the center of 
force. 

175. 1/ equal arecu he described about a center in equal times, 
the force must tend towards thai center. 

liSt SPCl (Fig. 35,)= sac ; now SPA » SCtR .'. SOC = 
SQ.R.-.CR is parallel to OS. Comidete the parallelogram <lRCr, 
and by the supposition the body dsscribes Q.C, in consequence of 
the impulse at Q,, and it would have described QA if no such 
impulse had acted ; therefore Q,T must re^ffesent that motion 
impcessed at U, which, in conjunction with the motion QA, can 
make a body describe iifj, and Q,T is directed to S. 

176. Now it appears from article 166, that it is a/acf, derived 
&om observation, that the earth's radius vector describes equal 
areas in equal times ; and by similar observations, the same is 
found to be true of each of the primary planets about the sun, 
and of each of the satellites about its primary. Hence, it is in- 
ferred, that the [dmary |toiets all gravitate towards the sun, and 
that the seccmdary [daoets all gravitate towards their respective 
primaries. 

It has farther been ostablisbad by observation^ (Art. 162,) that 
the planetary orbits are elSpses ; and hence the application of Uie 
princi[des of gravitation, so &r as respects the sun and planets 
may be confined to the consideiatioa <^ the motion of a body in 
an ^iptioal orbit, 

177. The distance of any planet Jrom the sun at any point in 
its orbit, is toils distance from the superior focus, as the square 
of its velocity at its mean distance from tke sun, is to the square 
of its velodiy at the given point. 

Let ASBE (Pig. 37,) be the oibit of a planet, S the focus in 
Tfaich the Bun is placed, AB the Qansverse and DE the conjugate 
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axis, C the center, and F the superior focua. Let the |danet be 
any where at P ; and dntw a tangent to the orbit at P, on which 
from the foci let &11 the perpendiculars SG, FH. Draw dso DK 
touching the oibit in D, and let SK be perpendicular to it. - Let 

Fii- 37. 



L \ z 

I-X — ::^s 

B 



the Telocity of the jdanet when at the mean distance at D=C, 
and when at P=V, Join SP, FP. Then (Art 174,) the velo- 
city at D is to the velocity at P, as SO to €K ; that is, 
C:T::SG:DC,orV=C^- 
But becanae the triangles SGP, FHP, are equiangular, having 
right angles at G and H, and also the angles SPG, FPH equal, 
&om the nature of the ellipse, SP : PF : : SG : FH, and therefore 

SP:PF::SG» :(FHxSG=)CD». Hence, gQ^=gp. Now, 

DC* 



8 was found above, T:=C 
PF 



,DC 
SG' 



Therefore, V»=C» 



SG' 



; and 



T««C'™,andV»xSP = C»xPF and SP:PF::C* : V». 

Hence, the distance of any plauet, &c. 

178. If of turn bodies gravitating to the same center, one de- 
scends in a straight line, and the other revahes in a curve ; then, 
if the velocities of these bodies are equal in any one case, when 
thejf are equallff distant from the center, they toiU alv>ajfs be equal 
vhen theif an equaliff dtatantfrom it. 
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Let ABC (Fig. 38,) be a curre which a F» 38- 

body describes about a center S to which it 
gravities, while another body dcficends in a 
straight hne AS to that center. Let BC be 
any arc of the curve ABC, and let BD, CH, 
be arcs of circles described irom the center 
S, intersecting the Uoe A3 in D and H. 
From the center S describe the arc bd, in- 
defiDilely near to BD, and draw E/ perpen- 
dicular to Bb. Then, because the distances 
SD and SB are eqaal, the forces of gravity 
at D and B are also equal. Let these forces 
be exfvessed by the equal lines Dd and BE ; 
and let the force BE be resolved into the 
forces E/ and B^. The force E/, acting at 
right angles to the path of the body, will not affect its velocity 
in that path, but will only draw it aside from a rectilinear course 
and make it ^oceed in the curve BbG. But the other force Bf, ' 
acting in the direction of the course of the body, will be whi^y 
employed in accelerating it. And because B and b are indefinitely 
near to each other, and likewise D and d, the acceleratii^ force 
from B to ft and from D to cJ, may be considered as acting uni- 
formly. Therefore, the accelerations of the bodies m D and B, 
produced in equal times, are as the lines X)d, Bf; and hence, put- 
ting d for the velocity at d, and/ for the velocity at/, 
rf:/::DrforBE:B/(I) 

And because the angle at E is a right aagle, 

BE*=B6xB/.-.BE=v'BftXv/B/. .BEXv^B/=v^B6xB/ 

Hence, BE : Bf: : ^/Bb : v'B/.(3) 

And, (1) and (2), d if: -.-/Bb t v'B/.(3) 

But, putting b for the velocity at b, and observing that, in falling 
bodies, the velocities are as the square roots of the spaces, 
b:/^.:^/Bbr^/Bf.(A) 

Therefore, (3) and (4), 6 :/::rf :/.-.t=d; that is, the velocity 
at b equals the velocity at d. And, since the same reasoning holds 
tor successive points that may be taken at equal distances ftom B 
and D, therefore, if of two bodies, &«.* ■ 

• Princi^*, Lib. i, Pr. 40. 8tewwt'« Math, ud Phj«. Etajt, Vr. 13. 
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179. 1^ law tieeording to which the planets gravitate is aiu^ 
that any body under the influence of the same force, and faUing 
dired to the sun, will have its velocity at any point equal to a 
constant velocity vwlUpUei into the square root of the distance it 
has fallen through, divided by the square root of the distance be- 
tween the body and the sun's cento: 

Suppose a planet to levolre in the elliptical orbit AFB (Fig. 37) ; 

at A, the higher apeis, the Telocity V=C (^) * (Art. 177); at 

/AN\4 
if AN, in the aiis produced =AP, V=C (^) * Letabodyat 

A begin to descend towards S with this velocity, then if SL=:SP, 
the Telocity of the [danet at P will be the same as that of the fall- 
ing body at L, ( Art. 178. ) But the Telocity of the planet at P is O 
/PP\l /NL\i* 
l^j \Sl) ' ^^^ ^'^ Telocity is equal to the constant 

Telocity expressed by C, multij^ied into the square root of NL, 
the distance fellea through,f divided by the square root of L8, 
the distance between the body and the son's center.^ 

180. The force with which any planei gravitates to the sun, is 
inverse^ as the square of its diskmcefrom the sun^s center. 

Let C (Pig. 39,) be the center to which " " "^ 

the falling body gravitates, A the point from 
which it begins to fall, and let its velocity at 
fUiy point B, be to its velocity in the point 

G, which bisects AC, as ( npl il.% Let 

DEP be a curTe such that if AD be an or- 
dinate or a perpendicular to AC, meeting the 
curve in D, and BE any other ordinate, AD 
is to BE as the force at A to the force at B, 
then wiU twice the area ABED be equal to 
the square of the velocity which the body 

* For flN=AB=8P+PFaSP+NI. -■. PFsNL. 

1 For Bl N, LN becomei 0, and conaequentlj tb« velocitj ; hence, the body 
bepne to ftll at N, and at anj other pofat, LN it the dkiauce ftllea tlirough. 
t Playfair, PAy>. J<t. 
\ For, aenating the Telocity al B by V, and the Telocity at G by V, 



Fig. 39. 
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bae acqaifed in R* If therelbre the vdocity n B be T, thai at 
the middle point G being Cj Y=e (sp) by hypothesis, and 

therefore aABED^e*. gg; and ainee AB=>AC-BC, 2ABKD= 

AC-BO /AO \ „ . ., . , , 

c». — np — =c' Iw?— 1/" F(w the same reason, if M be drawD 

indefinitely near to BE, 2A6eD=e» (■jc~M' ^^ therefore the 

/AC 
difference of these areas, or 2BbeE, diat is, 2EB xBb=c' y-^ ~ 

AC\ AC(BC-60) ACxB* ^ , ,. ._,. ^ „, 

BCJ ~ BCx6C — ="'■ BC't '" ' Wb^'*™") dividing by B*, 

2EB=c». gQj ; or EB=:c» kqj ; now c* and AG ate cMistant 
qumtitiea, therefore EB varies inversely as BC* . But EB letare* 
sents the force of gravity at B, and BC the distance from the sun. 
Therefore, the force of gravity of a planet in different parta of its 
orbit, is inversely as the square of its distance from the sun. 

181. The line CG is the same with the mean distance of the 
planet, in an orbit of which AC is the length of the transverse 
axis ; and if the gravitation at that distance=F, and the mean 

distance iteelf=o, then since EB=c» nn^T *'=''' ^^"^a' ^' 
oP=c». 

182. The squares of the times of remtuUon of any two plan' 
ets, are as the cubes of their mean distances from the sun. 

If a be the mean distance, or the semi-transverse axis, b the 
semi-conjugate, then naft^area of the orbit.^ But as c is the ve- 
locity at the mean distance, or the elliptic arch which the planet 
moves over in a second when it is at D, (Fig. 37, ) the vertex of the 

* This principla is demonatiBted bj the aid of Fluiioai u followi: 
By coiutruction, BE ii proportional to ths £>rcs zX B =j-| ' being tbs velocilj 
irhicli the noTing body fau acquired at B, and t lbs time of die dMcent from A 
to B. Now Bi is the momenlarj increment of BA t^ ■P'ce, and tfaerelbn 
=»&; therefore BExBi^i^. And aBEXBfc^Adrf*. But BExBJiii thano- 
Bantar; increment of tbe are* ABED, and Ssrfv ia tbe momentary increment of 
va ; therefore tbe square of the velocity of the moving bodf , and twice the area 
of ABED, iocreaae at the aame rate, and begin to eiirt at the aame lime ; thare- 
fbra they are equal. (See Play&ir'i Outlinea, Xtekamct, Art. 96.) 
t M:; beini ultimatelv equal to BC. t Daj> MeosurmlioD. 

13 
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conjugate axis, therefore ^be is the arba described in tbat seomd' 
by the radius vectw ; and since the area is Uie same few every 
second of the planet's resolution (Art 178), therefore the area of 
the orbit divided by }fte will give the numbef of seconds in 

tab S^a 
which the revolution is completedj '^^'^=YK1=~T' i <*'( ■"•** 

2n» /a 

c»n=aP, (Art. 181,) the t&iie of areTOlmion=-7=^=3jt v js- 

Hence, let i, *', be the times of revolutions for two different plan- 
ets, of which the mean distances are a, o', and the force of gravity 

at those distances F, F'. Then 1 1 f. :2™V fr : 2« V fr,:-: 

■n/j! : \/§i'i' •• f'-'f^ '• $i- But(Art.l80,)F J F'y.af* 1 

a of 
a'.-.f :f«;:-r: : ^, or(» '.f.-.a' taf*. That is, the squares 

of the times are as the cubes of the mean distances ; or, anca 
the major axes of the orbits are double the mean distances, the 
squares of the times are as the cubes of the major exes, 

183. This is one of Keplar's three great Laws, which, taken 
in connexion, are as follows: 

1. TTu orbits of alt the planets are ellipses, the sun occupying 
the common focus. (Art 176.) 

2. The^ radius vector of any planet describes areas propor- 
tional to the times. (Art. 172.) 

3. 7^ squares of the periodical times are as the cubes of the 
major axis of the orbit. (Art. 182.) 

These great and fundamental [vinciples of the planetary mo- 
tions, were discovered by the illustrious Kepler by long and 
assiduous study of the observations made by Tycho Brahe, and 
hence be has been called the legislator of the skies. They, 
therefore, became known as facts, before they were demonstrated 
mathematically. The glory of this achievement was reserved 
for Newton, who proved that they were necessary results of the 
law of universe gravitation. 

HOnON IN AS ELLIPTICAL OBBIT. 

184. Having now acquired some knowledge of the law of uni- 
versal gravitation, let us next eideavor to gain a just conception 
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of the forces by vhich the planets are made to revolve in their 
orbits aboat the sun. In obedience to the first lav of motion, 
every moving body tends to move in a straight line ; and were not 
the planets deflected continually tovarda the snn by the force i^ 
attraction, these bodies as veil as others vould move forvard in 
a reotiUiieal direction. We call the force by vhich they tend to 
such a direction the projectile firce, because its effects are the 
same as though the body vere or^:insl)y projected fiom a certain 
point in a certain direetion. It is an interesting problem for me- 
chanics to solve, vhat was the nature of the impulse originally 
given to the earth, in order to imp-ess npon it its two tnotions, the 
(me around its own axis, the other around the sun ? If struck in 
the direction of its center of gravity it m^t receive a forward 
motion, but no rotation on its axis. It must, therefore, have been 
impelled by a force, whose direction did not pass through its 
center of gravity. Bemouilli, a celebrated mathematician, has 
calculated that the impulse must have been given very neariy 
in the directioQ of the center, the point of [abjection being only 
the 165th pert of the earth's radius from the center.* This 
impulse alone would cause the earth to move in a right line : 
gravitation towards the sun causes it to describe an orbit. Thus 
a top 3];ttnning on a smooth plane, as that of glass or ice, if im- 
pelled in a direction not coinciding with that of the center of 
gravity, may be made to imitate the two motions of the earth, 
especially if the experiment is tried in a concave surface like that 
of a large bowl. The reostance occasioned by Uie surface on 
which the top moves, and that of the air, will generally destroy 
the force of projection and cause the top to revolve in a smaller 
and smaller orbit ; but the earth meets with no such resiBtance, 
and therefore makes both her days and yes^ of the same length 
from age to ^e. A body, therefore, revolving in an orbit about 
a center of attraction, is constantly under the influence of tvo 
forces, — the projectile force, vhich tends to carry it forvard in a 
straight line vhich is a tangent to its orbit, and the centripetal 
force, by which it tends tovards the center. 

* Frmnosnr, Uran. p. 49. 
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165. The most simple example we have of the combined ac- 
tioo of these two forces is the motion of a missile thrown fiom 
the hand, oi of a ball fired from a caxmon. It is well known 
tha£ the ptfticnlsr ibrm of the corre described by the projectile, 
in eitjjer case, will depend upon the velocity with which it is 
dirown. In each esse the body will begin to move in the line of 
direction in which it is projected, but it will soon be deflected 
from that line towards die earth. It will however continoe 
nearer to the line of projection as the velocity of projection is 
greater. Thus let AB (Fig. 40,) popeodicular to AC represent 
the line of projeetioD. T^e body wOl, in every ease, commence 




its motion in the line AB, which will therefore be the tangent 
to the curve it describes ; but if it be thrown with a small velo- 
city, it will soon depart from the tangent, describing the line 
AD ; with a greater velocity it will describe a curve nearer to 
the tangent, as AB ; and with a still greater velocity it will de- 
scribe the curve AF. 

186.. In figure 41, suppose the planet to have passed the point 
C with so small a velocity, that the attraction of the sun bends 
its path very much, and cansea it immediately to begin to ap- 
proach towards the siin ; the sun's attracdon will increase its ve- 
locity as it moves through D, E, and F. For the sun's attractive 
force on the {danet, when at D, is acting in the direction DS, - 
and, on account of the small inclination of DE to DS, the force 
acting in the line D3 helps the planet forward in the path DE, 
and thus in<»«aBes its velocity. In like manner the velocity of 
the |Janet will be continually increasiDg as it passes through D, 
£, and F ; and though the attractive force, on account of the 
planet's nearness, is so much increased, and tends, Uierefore, to 
make the orbit more curved, yet the velocity is also so much in- 
creased that the orbit is not more curved than before. The same 
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increase of velocity occasioned by the ^daitet's approach to the 
sun, Induces a greater increase of centrifugal force which carries 
it off again. We may see also whyj pig. 41. 

when the planet has reached the 
most distant parts of its orbit, it does 
not entirely fly off, and never re- 
turns to the sun. For vhen the 
planet posses abng H, K, A, the 
sun's attraction retards the planet, 
just as gravity retarda a ball rolled 
up hill ; and when it has reached 
C, its velocity is very onall, and the 
attiiaction at the center of force 
causes a great deflection from the 
tangent, sufficient to give iu orbit a great curvature, and the 
{danet turns about, returns to the sun, and goes over the same 
orbit again * As the planet recedes fnnn the sun, its centrifugal 
force diminishes faster than the force of gravity, so that the latter 
finally preponderates-f 




187. We may imitate the motion of a body in its orbit by sus- 
pending a small ball irom the ceiling by a long string. The ball 
being drawn out of its place of rest, (which is directly under the 
point of suspension,) it will tend constantly towards the same 
l^ace by a force which corresponds to the force of attraction of a 
central body. If an assistant stands under the point of suspen- 
sion, his head occupying the place of the ball when at rest, the 
ball may be made to revolve about his head as the earth or any 
I^anet revolves about the sun. By projecting the ball in different 
directions, and with different degrees of velocity, we may maks 
it describe different orbits, exempliiying principles which have 
been explained in the foregoing propositions. 

t The ceDtriitigal Ibrce vuiei inTenelr U lli« adt of the dUtsnce, wbile ths 
force of gnvitj u inveiwlr m the tqtian. Tbe txattibgai fbrce, tberefiire, 
increaiaa &iter thtn the force of gnri^ u ft bodj ii ipproachini tfao lun, uid 
decreues fluter ai iho bod; recodea from the ion. (9ec H. Slewut'u Pbja. ind 
Hath. TiactB, Prop. 6.) 
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CHAPTER IV. 

PRECESSION or THE EltDINOXXS — ITDTATION ABEBBATION — MOTIOIT 

or THE AFSIDXS ItKiS AND TBUX PLACES OV THE SUN. 

168. The FBSCEasioN or the E^uihoxes, is a sloa but ckh^- 
Hrautl skifUng of the equinoctial jpmnta fi'om east to vieat. 

Suppose that we maik the exact place in the heavens where, 
during the |»esent year, the sun croases the equator, and that this 
point is close to a certain star ; next year the sun will cross the 
equator a little way westward of that star, and so every year a 
little farther westward, until, in a long course of ages, the place 
of the equinox will occupy successively every part of the ecliptic, 
until ve come round to the same stav again. As, therefore, the 
sun, revolving from west to east in his apparent orbit, comes 
rojmd towards the point where it left the equinox, it meets the 
equinox before it reaches that point The appearance is as though 
the equinox goes forward to meet the sun, and hence the phenom- 
enon is called the Precession of the Equinoxes, and the fact is 
expressed by saying that the equinoxes retrograde on the ecliptic, 
until the line of the equinoxes makes a comfdete revolution from 
east to west. The equator ia conceived as sliding westward on 
the ecliptic, always preserving the same inclination to it, as a ring 
placed at a small angle with another of nearly the same size, 
which remains fixed, may be slid quite around it, giving a cor- 
responding motion to the two points of intersection. It most be 
observed, however, that this mode of conceiving of the preces- 
sion of the equinoxes is purely imaginary, and is employed merely 
for the convenience of representation. 

189. The amount of precession annually is 50."1; whence, 
sinoe there are 3600" in a d^ree, and 360° in the whole cir- 
cumference, and consequently, 1296000", this sum divided by 
50.1 gives 26868 years for the period of a complete revolution of 
the equinoxes. 
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190. Suppose now we fix to the center of each of the. two 
rings (Art 188,) a wire lepreseating its axis, one corresponding to 
the axis of the ecliptic, the other to that of the equator, the ex- 
tremity of each being the pole of its circle. As the ring deirot- 
ing the equ^(» tnma round on the ecliptic, which with its axis 
remains fi^, it is easy to conceive ihat the axis of the eqoator 
lerolres around that of the eehptic, and the pole of the equat« 
arotmd the pole of the ecliptic, and constantly at a distance equal 
to the incUnaticm of the two circles. To transfer our concep- 
ticots to the celestial ^ere, we may easily see that the axis of 
the diumal sphere, (that of the earUi fNtodnced, Art. 28,) woold 
not hare its pole constantly in the same place among the stars, 
hut that this pole would perform a slow rerolutiou around the 
pole of ^ ecliptic from east to west, completmg the circuit i& 
about 26,000 years. Hence the star which we now call the pole 
star, has not altrays enjoyed that distinction, nor will it always 
enjoy it hereafter. When, the earliest catalogues of the stats 
were made, this star was 12° from the pole. It is now 1° 24', 
and will qi^voach still nearer ; or, to speak more accurately, the 
pole will come still nearer to this star, aAer which it will leave 
it, and successively pass by others. In about 13,000 years, the 
bright star Lyra, which lies on the circle of revolution opposite 
to the i^esent pole star, will be within 5° of the pole, and will 
constitute the Pole Star. As Lyia now passes near our zeni^ 
tbe.leamer might snppose that the change of position of the pole 
among the stars, would be attended with a change of altitude of 
the north pole above the horizon. This mistaken idea is one of 
th€ many mist^iiHehensions which result from the habit of ctm- 
odering the horizon as a fixed circle in space. However the 
pole might shift its position in space, we should still be at the 
same distance from it, and our horizon would always reach the 
same distance beyond it. 

191. 7%« preeeaaion of the equinoxea is an ^eet of the sphe- 
roidal fgwe of the earth, and arises from the attraction of the • 
sunandftwon upon the excess of matter about the earth's equator. 

Were the earth a perfect sphere the attractions of the sun and 
moon upon Uie earth would be in equilibrium among themselves. 
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Bat if a globe were cut oat of the eatth, (taking half the poUi 
diameter for ladius,) it would leave aprotuberaBt mass of matter 
ID the equatorial regions, which may be considered as all cdlected 
into a ring resting on xbs earth. The sun beiitg in the echptic, 
while the j^ane of this ring is inclined to the echptic 23° 28', of 
course the action of the sun is oUique to the ring, and may b« 
resolved into two forces, one in the plane of Uie equator, and the 
other perpendicular to it. The latter only can act as a^isturbing 
force, and lending as it does to draw do^ die ring to th^ ecliptic, 
the ring would turn upon tiie line of the equinoxes as upon a 
hinge, and, dragging the eardi along with it, the equator would 
uhimalely coincide with the ecliptic were it not for the rendution 
of the eatth upon its axis. This may be better understood by 
the aid of a diagram. Let TAB (Fig. 42,) represent the equator, 
ng.«. 



TED the ecliptic, and AD the scdstitial colore. Let AB be the 
moTcment of rotation for a veryeiiort time, being of course in the 
order of the signs and in the direction of the equator. Let BC be 
the movement [xoduced by the distarbing force ctf the sun in the 
same time. The point A will describe the di^ooal AC, the equa- 
tor will take the inclined situation CAT'; the equinoctial point 
will retrograde from T to T' ; the colure AD will take the posi- 
tion AE, while the inclination of the two planes, that is, the ob- 
Uquity of the ecliptic, will remain neatly the same.* 

192. The moon conspires with the sun in producing the pre- 
cession of the equinoxes, Its effect, on accoimt of its nearness to 
the earth, being more than double that of the sun, or as 7 to 3. 
The planets likewise by their attraction, produce a small effect 
upon the eqtutorial ring, but the result is dightly to diminish the 

■ Delunbra, i. 3, p. 145. Plajftir'i OntUnw, 2, 306. 
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auKHmt of precession. The -whole effect of the atm and ifioon 
being eO.*41, that of the plfmetfl ia 0.31, leaving the actual amount 
of pieceswon SO.*!.* 

' 193. The time occupied by the tun in passing from the equi- 
HOdial point round to the same point again, is called the tbopicii> 
XBAR. As the sun does not perfoim a complete revolution in this 
interval but falls short of it 60."1, the tropical year is shorter than 
the sidereal by 20m. 208. in mean solar time, this being time of 
describing an arc of 50."1 in the annual revolution-f The 
changes produced by the precession of the equinoxes in the op- 
parent fdaces of the oircumpc^ar stars, have led to some interest' 
ing results in chronohgy. ia consequence of the retrograde mo> 
tion of the equinoctiBl points, the signs of the ecUptic (Art. 35,) 
do not coTreqiond at present to the constellations which bear the 
same names, but lie about one vhole sign or 30° westward of 
tbem. Thus, that division of the ecliptic which is called the 
ngn Taorue, lies in the constellation Aries, and the sign Gemini 
in the coosteliation Taurus. Undoubtedly however when the 
ecliptic was thus first divided, and the divisions named, the seve- 
ral constellations lay in the respective divisions which bear their 
names. How long is it, then, since our zodiac was formed ? 
60."1 : 1 year ::30O( = 108000") : 2156.6 years. 
The result indicates that the present divj^ona of the zodiac, 
were made soon after the establishment of the Alexandrian school 
of astronomy. (Art. 2.) 

mTATION. 

194. HmmOK is a vibratory motion of the earth's axis, arising 
from periodical ftuctuations in the obliquUy of the ed^tie. 

IS the sun and moon moved in the plane of the equator, there 
would be no precesdon, and the effect of their action in producing 
it varies with their distance from that plane. Twice a year, 
therefore, namely, at the equinoxes the effect of the sun is noth- 
ing ; while at the solstices the effect of the sun is a maximum. 
On this account, the obliquity of the ecliptic is subject to a semi- 
annual variation, since the sun's force which tends to produce a 

• TrmioMii, Vno. 188. 1 W 8."3 : »*h. : : SO."! : »«. «W. 

u 
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change in the obliqaity w variable, while the diamal motion 4^ 
the earth which [»eveals Uie change from taking place, is con- 
stant. Hence the plane of the equator is subject to an insular 
motion which is called the Solar Nutation, The name is deii- 
Ted from the osciUatoiy motion communicated by it to the earth's 
axis, while the pole of the equator is performing its revolution 
around the pole of the ecliptic (Art. 190.) The effect of the sun 
however is iar less than that of the moon. By the nutation alcne 
the pole of the earth would perfc«m a revolution in a very small 
ellipse, only 18" in diameter, the center being in the circle which 
the pole describes around the pole of the ecliptic ; but the com- 
bined effects of precession and nutation convert the circumference 
of this circle into a wavy line. The motion of the equator occa- 
sioned by nutation, causes it alternately to approach to and recede 
from the stars, and thus to change their declinations. The solar 
nutation, depending on the position of the sun with respect to 
^e equinoxes, passes through all its variations annually ; but the 
lunar nutation depending on the position of the moon with respect 
to hss nodes, varies through a period of about \9^ yeeis. 

iBEWUTIOK. 

19S. Abcbiution u an apparent change of plafx in the starSf 
occasioned bj/ the joint effects of the motion of the earth m its 
orbit, and the progressive mo^n of light. 

Let EE' (Fig. 43,] represent a part of the earth's orbit, and 
SE a ray of light from the star S. Take Fig. 43. 

EC and £A proportional to the velocity of 
each respectively; complete the parallelo- 
gram, and draw the diagonal EB. Since 
an object always appears in the direction in 
whicb a ray of Ught coming from it, meets 
the eye, the combinatiou of the two motions 
produces an impression on the eye exactly 
similar to that which would have been pro- 
duced if the eye had remained at rest in the 
point E, and the particle of Ught had come 
down to it in the direction ES' ; the star, 
theiefoie, whose place is at S, will appear to the spectattn at E 
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to be situated at S'. The difference between its true and its ai^»- 
lent place, that ia, the angle SES' is the abemtion, the magnitude 
of which is obtained from the known ratio of EA to EC, en the 
Velocity of light to that of the earth in its orbit. 

The Telocity of l^ht is 192,000 miles per second, while that 
of the earUi in its orbit is about 19 miles per second. Reiveaent- 
ing the Telocity of light by the line EA, and that of the earth 
by AB, then, 

192,000 : 19::Rad. : tan. 30.''6=the angle at E, which is the 
amount of aberration when the direction of the ray of light is 
perpeodicnlai to the earth's motion. 

The effect of aberration upon the places of the fixed stars is to 
carry their apparent places a little forward of their real places in 
the direction of the earth's motion. The effect upon each par- 
ticular star will be to make it describe a small ellipse in the bear- 
ens, having for its center the point in which the star would b« 
seen if the earth were at rest 

MOnOM or TBS APSIDC9. 

196. The two points of the ecliptic where the earth is at the 
greater and least distances from the sun respectively^ do not 
always maintain the same places among the signs, but gradually 
shift Uieir positions from west to east. If we accurately observe 
Hie ptace among the stars, where the earth is at the time of its 
perihelion the present year, we shall find that it will not be pre- 
cisely at that point the next year when it arrives at its perihelion, 
but about 12" (ll."66) to the east of it And since the equinox 
itself, from which longitude is reckoned, moves in the opposite 
direction 60."1 annually, the longitude of the perihelion increases 
every year 61."76, or a little more than one minute. This fact 
b expressed by saying that the line of the apsides of the earth's 
{»bit has a slow motion from west to east, and ccHnpletes one eo* 
tire revolution in its own plane in about 100,000 yeajs(lll,149.) 

The mean longitude of the perihelion at the commencement 
oiibe [vesent century was 99<^ 30* &', and of course in the ninth 
degree of Cancer, a httle past the winter solstice. In the yeai 
1248, the perihelion was at the place of this solstice ; and since 
the increase of longitude is 61."76 a year, hence. 
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61."76 : 1:;90° : 9246=thetiiiieoccuiHedmpa8niig&omth« 
first of Aries to the eolsUce. Hence, £246 - 1248=3998, which 
is the time before the Christian eta, when the perigee was at the 
first of Aries. But this difiets only 6 yeaics from the time of the 
creation of die votld, which is fixed hy chronologists at 4004 
years A. 0. At the period of the creation, tberetbre, the line of 
the apsides of the earth's orbil, coiopided with the line of the 



197. Ilie angular distance of a body from its aphelion is called 
its Anomaly ; and the inlerral between the sun's passing the point 
of the ecliptic corresponding to the earth's aphelion, and return- 
ing to the-same point again, is called the anomaUstu: year. Tbia 
period must be a little longer than the sidereal year, since, in ordw 
to complete the aoomalistic revolution, the sun must traverse aa 
arc of ll.'^e in addition to 360°. 

Nov 360° : 36d.256: ; ll."66 : 4m. 44s. 

198. Since the points of the annual orbit, where the sun is at 
the greatest and least distances from the earth, change their por- 
tion with respect to the solstices, a slow change is occasioned id 
the duration of the respective seasons. For, let the perihelion 
correspond to the place of the winter solstice, as was the case in 
the year 1248 ; then as the sun moves more rapidly in that part 
of his orbit, the winter months will be shorter than the summer. 
But, again, let the perihelion be eU the summer solstice, as it will 
be in the year 6480* ; then the sun will move most rapidly 
through the summer months, and the winters will be longer than 
the summers. At present the periheUon is so near the winter 
solstice, that, the year being divided into two equal parts by the 
equinoxes, the six winter months are passed over between seven 
and eight days sooner than the summer months. 

MEAN AND TRUE PLACES OT TB£ SUN. 

199. The Mean AFofwm of any body reeoMng in an orbit, 
i$ that which it would have if, in the same time, it revolved vai- 
formly m a drde. 
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In sorreying an irregular field, it ia commoii first to strike out 
some regular figure, as a square or a pandlelogram, by mntiing 
long lines, and dira«garding many small irregularities in the boun- 
daries of the field. By this [socess, we obtain an approximation 
to the contents of the field, althot^h we have perhaps thrown out 
several small pmtions which belong to it, and included a num- 
ber of others which do not belong to it These being separately 
estimated and added to or subtracted fiom our first computation, 
we obtain the troe area of the field. In a similar manner, we 
px)ceed in finding the place of a heavenly body, which moves in 
an orbit more or less inegular. Thus we estimate the sun's dis- 
tance from the vernal equinox for every day of the year at noon, 
on the suf^iosituHi that he moves uniformly in a circular orbit : 
this is the sun's mean bnffitude. We then i^ply to this result 
various conections for the iiregnlarity of the son's motions, and 
thus obtain the trtte longitude. 

900. The corrections applied to Hie mean motions of a heav- 
enly body, in (»der to obtain its true place, are called Bqvattona. 
Thus the eUiptical form of the earth's orbit, the precession of the 
equinoxes, and the nutation of the earth's ans, severally affect 
the place of the sun in his apparent orbit, for which equations are 
applied. In a collection of Astronomical Tables, a large part of 
the whole are devoted to this object. They give us the amount 
of the corrections to be applied under all the cln:um9tances and 
constantly varying rdations in which the sun, moon, and earth 
are situated with respect to each other. The angular distance of , 
the earth or any planet from its aphelion, on the supposition that 
it moves utiifonnly in a circle, is called its Mean Anomaly: its 
actual distance at the same moment in its orbit is called its Tnte 
Jnomahft* 

Thus in figure 44, let AEB tepcesent the orbit of the etffth 
having the son in one of the foci at S. Upon AB describe the 
circle AMB. Let E be the place of the earth in its orbit, and M 
the corresponding jdace in the circle ; then the angle MCA is the 
mean, and GSA the true anomaly. The difference between the 

* la Kue utnmoinical UMtiaei, th* anonuLlj it nckoBMl Ao« thepMiheUoo. 
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mean and true anomaly, HCA— ESA, ia called the Squation of 
the Center, being that correction which dep^ds on the elhptical 
form of the orbit, or on the distance of the center of attraction 
from the center of the figure, that ia,- on the eccentricity of the 
<vbit. It ia much the greatest of all the corrections used in find- 
ing the sun's tnn longitude, amounting, at its marimnm, to nearly 
two degrees (1° S^ 26."8.) 



CHAPTER V. 

OF THE KOOH — Un/iR GBOOBAPH7 PHASES Or THE HOOM 

BIB BXTOLlTriONS. 

201. Next to the Siin, the Moon naturally claims our attention. 

The Moon is an attendant or satellite to the earth, around which 
she rBTdves at the distance Of neaiiy 240,000 miles. Her mean 
horizontal parallax being 57' 09", consequently, sin. 57' 09" ; 
semi-diameter of the earth (3956.2): :rad. ; 238,545. (Art. 67.) 

The moon's apparwU diam^er is 3 1' 7", and her real diameter 
2160 miles. For, 

Bad. : 238,645::8in. 31' 7" ! 2160. (See Pig. 26, p. 70.) 
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And, iince si^ieras ate as the cnbes of the diameters, their «o^ 
lime of the moon is ,V 'hat of the earth. Her detmty is Dearly 
f (.615) the density of the earth, and her mass (=,'tX.615) is 
about Vs- 

202. The moon shines by refiected UgfU borrowed from the 
sun, and when full, exhibits a disk of ulrery Iffightness, diversi- 
fied by extensive portions partially shaded. By the aid of the tele- 
scope, we see undoubted signs af a varied surface, composed of 
extensive tracts of level couatry, and numerons mountains and 
valleys. 

203. The line which aepaiates the enlightened fiom the dark 
portions of the moon's disk, is called the TautitMior. (See Fig. 
2. PrmUispiece. ) As the terminator traverses the disk from new 
to full moon, it appears through the telescope exceedingly broken 
in some parts, but smooth in others, indicating that portions of 
the lunar surface are uneven while others are level. The brokea 
regions appear brighter than the smooth tracts. The latter have 
been taken for seas, bat it is suj^iosed with more probability that 
they are extensive plains, since they are still too uneven for the 
perfect level assumed by'bodies of water. That there are moun- 
taina in the moon, is known by several distinct indications. Piist, 
when the moon is increasing, certain spots are illuminated sooner 
than the neighborit^ places, appearing like bright points bejrood 
the terminator, within the dark path of the disk. (See Fig. 2. 
PronHspieee.) Secondly, after the terminator has passed over 
them, they project shadows upon the illuminated part of the disk, 
always opposite to the sun, corresponding in shape to the fonn of 
the mountain, and undei^ing changes in length from night to 
night, aecording as the sun shines upon that pert of the moon 
more or less obliquely. Blany individual mountains rise to a great 
height in the midst of plains, and there are several very remarkar 
ble mountainous groups, esEtending from a common center in long 
chains. 

204. That there are also vaUgys in the moon, is equally evident. 
The valleys are known to be truly such, particularly by the man- 
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Jtetin which the ligfatof the sun &lla upon them, iUummating the 
part opposite to the bud while the part adjacent is dark, aa is the 
case when the light of a lamp shines obliquely into a china cup. 
These valleys are often remarkably regular, and some of them 
almost perfect circles. la several instances, a circular chain of 
mountains surrounds an extensive valley, which appears nearly 
level, except that a sharp mountain sometimes rises from the cen- 
ter. The best time for observing these appearances is near the 
first quarter of the moon, when half the disk is enlightened ,** 
but in studying the lunar geography, it ia expedient to observe 
the moon every evening firom new to fiill, or rather through her 
entire series of chaj^^es. 

206. The various places on the moon's disk have received ap- 
[Kopriate names. The dusky regions, being formerly supposed 
to be seas, were named accordingly ; and other remarkable places 
have each two names, one derived from some well known spot 
on the earth, and the other from some distinguished personage. 
Thus the same bright spot on the surface of the moon is called 
Mount Sinai or Tycho, and another. Mount Etna or Copernicus. 
The names of individuals, however, are more used than the others. 
The frontispiece exhibits the telescopic appeamnce of the full 
moon. A few of the most remarkable points have the following 
names, corresponding to the numbers and letters on the ntap. (See 
P'rontiapiece.) 

1. Tycho, A. Hare Hmnorum, 

2. Eei^er, B. Mare Nubium, 

3. Copemlctu, C. Mare Imbritmi, 
4 Aristarchus, D. Mare Nectaris, 

B. Helicon, E. Mare TranqutUtatis, 

6. Eratosthenes, F. Mare Serenitatis, 

7. Plato, O. Mare Fecnnditatis, 

8. Archimedes, H. Maie CrisitmL 

9. Eudoxos, 
10. Aristotle, 

* Jt U eunenlj' reeoauaaadwl lo tb« Mndaiit of tt^oaonj, » etunins the 
tnoon rap«at«dlf with the best ulMmp« b* can coBunand, Biiii| low pow«n >t 
fini, fin Um Mka of k battar li|)it. 
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fi06. 7%e method of esUmating the height of lunar moun- 
tains ia: as JolhKS. 

Let ABO (Pig. 45,) be the iliuminated heaux^xge of the moon, 
SO a solar ray touching the moon in O, a point in the ciiole which 
sepsiates the enlightened from the dark part of the moon. All the 
part ODA will be in darkness ; but if this port contains a moun- 
tain MF, so elevated that its summit M. reaches to the solar ray 
30M, the point M will be enlightened. Let E be the place of 
the observer on the earth, the moon being at any elongation from 
r>s. 46. 




the sun, as measured by the angle EOS. Drav the Ibes EM, 
EC, and CM, C being the center of the. moon ; and let FM be 
the height of the mountain. Draw ON perpendicular to EM. 
The line EO being known, and the angle OEM being measured 
with a micrometer, the value of ON, the projection of the Une 

ON 

OM, becomes known. Now OM=— — tjqst; and mnce OEN 

is a very small angle, EON may be considered as a right angle : 

ON 
consequently, MON«MOE-90. Therefore QM= fMO T'~qin 



ON 



ON 



That is, the distance between the sum- 



~"Bin. M^E~8in. EOS- 
mit of the mountain -fUid the illuminated part of the moon's disk, 
. is equal to the projected distance as measured by the micrometer, 
divided by the sine of the moon's elengation from the sun. 
15 
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SnppoM the distance OH=nCO, vhere n represents the fiao- 
tion the pah OM is of CO. Then, CM»=CO'+OM«=!CO« 
+ tt'CO* =CO'(l+»»).-.CM = CO(l+n')}.-.CM-CO or 
FM=CO(\/l+ft» — 1)="2 CO, neglecting the higher powers 
of n, which would be of too little value to be worth taking into 
the account. The value of n has been foond in one case equal 
to tV which gives the height of the mountain et^ual to ^\f Urn 
semi-diametec of the moon, that is, 3^ miles. 

When the moon is exactly at quadrature, then EOM becomes a 
right angle, and the value of OM is obtained directly from actual 
measurement ; and having CO and OM, we easily obtain CM 
and of course FM. 

207. Schroeter, a German astronomer, estimated the heights - 
of the lunar mountains by observations on tlieir shadows. He 
made Ibem in some cases as high as j{x °f ^^^ semt-diameter of 
the moon, that is, about 6 miles. The same astroDomer also esti- 
mates the depths of some of the lunar valleys at more than four 
miles. Hence it is inferred that the moon's surface is more bro- 
ken and irregular than that of the earth, its mountains being 
higher and its valleys deeper in proportion to the size of the moon 
than those of the earth. 

208. Dr. Herscbel is supposed also to have obtained decisive 
evidence of the existence of volcanoes in the moon, not only 
firom the light afforded by their fires, but also from the formation 
of new mountains by the accumulation of matter where fires had 
been seen to exist, and which remained alter the fires were extinct. 

209. Some indications of an atmosphere about the moon have 
been obtained, the most decisive of which are derived from ap- 
pearances of twilight, a phenomenon that implies the p^sence of 
an atmosphere. Simitar indicatitms have been detected, it is sup- 
posed, in eclipses of the sun, denoting a transparent refracting 
medium encompassing the moon. 

210. The improbability of our ever identifying arHjkial struo- 
A4re» in the moon, may be inferred fiom the &ct that a line one 
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mile in lengA in the moon snbtends sn angle at the eye of only 
about one second. If, tbeiefore, works of art verer to hsre a suffi- 
cient boriaoDtal extent to become visible, they can hardly be sup- 
posed to attain the necessary elevatioo, when we reflect that the 
height of the gteat pyramid of E^ypt is less than the sixth part 
of a mile. 

PBABES or THK KOOIT. 

211. The changes of the moon, conimoaly called her Phases, 
' arise from difieient portions of her illuminated side being turned 
towards the earth at different times. When the moon is first 
seen after the setting sun, her form is that of a bright crescent, 
on die side of the disk next to the sun, while the other portions 
of the disk shine with a feeble light, reflected to the moon from 
the earth. Every night we observe the mooo to be farther and 
iarther eastward of the sun, and at the same time the crescent 
enlarges, until, when the moon has reached an elongation from 
the sun of 90^, half her visible disk is enlightened, and she is 
said to be in her jirst qiutrler. The terminator, or line which 
separates the illuminated from the dark part of the moon, is con- 
vex towards the sun from the new moon to the first quarter, and 
the moon is said to be homed. The extremides of the crescent 
are cidled cusps. At the first quarter, the terminalor becomes a 
straight line, coinciding with a diameter of the disk ; but after 
passing this point, the terminator becomes concave towards the 
8UQ, bounding that side of the moon by an elliptical curve, when 
the moon is said to be gibboiis. When the moon arrives at the 
distance of 180° from the sun, the entire circle is illuminated, 
and the moon is full. She is then in opposition to the sun, rising 
about the dme the sun sets. For a week after the full, the 
moon ^peais gibbous agdn, until, having arrived within 90° 
of the sun, she resumes the same form as at the first quarter, 
being then at her third quarter. From this dme until new moon, 
she exhibits again the form of a crescent before the rising sno, 
mitU, approaching het conjunction with the son, her narrow 
thread of light is lost in the solar blaze ; and finally, at the mo- 
ment of passing the sun, the dark side is wholly turned towards 
us and for maas time we lose sight of the moon. 
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The tvo points in the orbit oorresponding to new and fiiU moan 
lespectively, are called by the coounon name of ayzigiet ; tboae 
which are 90° from the sua aie called quadratures ; and the 
points half way between the syzigies and quadratures sie called 
oalanta. The circle which dirides the enlightened from the 
unenlightened hemisphere of the moon, is called the drcU f^ 
illumination : that which dirides the hemi^ere that is turned 
towards us from the hemis[^ere that u turned &om us, is called 
the drcle of the disk. 

212. As the moon is an opake body of a spherical figure, and 
borrows her light from the sun, it is obvious that that half only 
which is towards the sun can be iUuminated. More or less of 
this side is turned towards the earth, according as the moon is at 
a greater or less elongation from the sun. The reason of the dif- * 
ferent phases will be best understood from a diagram. There- 
fore let T (Pig. 46,) refvesent the earth, and S the sun. Let A, 
B, C, Ax. be successire positions of the moon. At A the entire 

Fig. 46. 




dark side of the moon being turned towards the earth, the disk 
would be wholly invisible. At B, the circle of the disk cuts off 
a small part of the enlightened hemisphere, which appears in the 
heavens at b, under the form of a crescent. At C, the £rst 
quarter, the circle of the disk cuts off half the enlightened hemi- 
sphere, and the moon appears dichotomized at c. In like miuiaer 
it will be seen that the appearances presented at D, E, F, &c. 
must be those represented at d, e, f. 
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BETOLDTIONS OF THK MOON. 



313. TTie moon revolves around the earth from west to east, 
making the entire circuit of the heavens in about 27} days. 

Tbe [H«ctse law of the moon's motions in her revolution aroand 
the earth, is ascertained, as in the case of the sun, (Art. 155,) by 
daily observations on her meridian altitude and right ascension. 
Thence are deduced by calculation her latitude and longitude, 
from which we find, that the moon describes on the celestial 
sj^ere a great circle of which the earth is the center. 

The period of the ttioon's revolution from any point in Ae 
heavens round to the same point ^ain, is called a month. A 
sidereal month is the time of the moon's passing from any star, 
tmtil it returns to the same star again. A aynodicat month* is 
the time from one conjunction or new moon to another. The 
synodical month is about 29} days, or more exactly, 29d. 12h. 
i4m. 2*.8=29.53 days. The sidereal month is about two days 
shorter, being 27d. Th. 43m. ll'.5=27.32 days. As the sun and 
moon are both revolving in the same direction, and the sun is 
moving nearly a degree a day, during the 27 days of the moon'^ 
revolution, the sun must have moved 27°. Now since the moon 
passes over 360^^ in 27.32 days, her daily motion must be 13° 17'. 
It must therefore evidently take about two days for the moon to 
overtake the sun. The difference between these two periods 
may, however, be determined with great exactness. The mid- 
dle of an eclipse of the sun marks the exact moment of conjunc- 
tion or new moon ; and by dividing the interval between any . 
two solar eclipses by the number of revolutions of the moon, or 
IttmUiom, we obtain the procise period of the synodicol month. 
Suppose, for example, two eclipses occur at an interval of 
1,000 lunations ; then the whole number of days and parts of a 
day that compose the interval divided by 1,000 will give the 
exact time of one lunation.f The time of the synodical month 
being ascertained, the exact period of the sidereal month may be 

* gvr uid oJoc, impljing thil tha two bodies eome togtthtr. 

t It might ■tGntviawwem ii«c«Marj to know the period oT one lunatioii balbr* 
we could know the Dumber of luDBtioni in uij given iateml. Thi* period ii 
kaom very aeulj from the ioteivml betweeo one mm moon ind anothei. 
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derived fiom it For the arc which the moon describes in order 
to come into coqjunction with the san, exceeds 360° by the space 
which the sun has passed over since the ]f«eceding conjunction, 
th^ is, 29.63 days. Therefore, 

365.24 : 366°; :29.63 : 290.1=aic which the mooa must de- 
scribe more than 360° in order to overtake the sun. Hence, 

13° 17' : ld.::29°.l t2.21d.=difference between the sidereal 
and synodical months; and 29.63-2.21^27.32, the time of the 
sidereal revolution. 

214. 7^ moon's orbit is incUnad to the edipHe tn an <mgh 
of aboiU 6° (6° 8' 48"). It crosses the ecliptic in two opposite 
points called her rwdea. The amount of iDclioatioa is ascei- 
tained by observations on the moon's latitude when at a maxi- 
mum, that being of course the greatest distance from the ecliptic, 
and therefore equal to the inclination of the two circles. 

215, The moon, at the same age, crosses the meridian at dif- 
ferent altitudes at different seasons of the year. The full moon, 
for example, will appear much farther in the south when on the 
meridiad at one period of the year than at another. The reason 
of this.may be exiMned as follows. When the sun is in the 
part of the ecliptic south of the equator, the earth and of course 
the moon, which always keeps near to the earth, is in the part 
north of the equator. At such times, therefore, the oew moons 
being [wojected near the sua, will have great southern declination, 
as is the case during the winter months ; but, in the summer, when 
the sun is towards the northern tropic and the earth towards the 
southern, the new moons run high and the full moons low. This 
arraDgement gives us a great advantage in respect to the amount of 
light received from the moon \ Eance the full moon is longest above 
the horizon during the long nights of winter, when her presence 
is most needed. This circumstance is especially favorable to the 
inhabitants of the polar regions, the moon, when full, traversing 
that part of her orbit which hes north of the equator, and of coutee 
above the horizon of the north pole, and traversing the portion 
that Ues south of the equator, and below the polar horizon, when 
new. During the polar winter, therefore, the moon, fiom the first 
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to the laat quarter, is commonly above the borizon, while the mm 
is absent ; whereas, during summer, while the sun is preseDt, the 
moon is above the horizon while describing her first and last 
quadrants. 

216. Aboat the time of the autamnal equinox, the moon when 
near the full, rises about sunset tot a number of nights in succes- 
sion ; and as this is, in England, the period of harvest, the phe- 
nomenon is called the Harvest Moon. To understand the reason 
of this, since the moon is never far from the ecliptic, we wiU 
suppose her prepress to be in the ecliptic. If the moon moved 
in the equator, then, since this great circle is at right angles to 
the axis of the earth, all parts of it, as the earth revolves, cut 
the horizon at the same constant angle. But the moon's orbit, 
or the ecliptic, which is.here taken to represent it, being oblique 
to the equator, cuts the horizon at di&eient angles in different 
parts, as will easily be seen by reference to an artificial globe. 
When the first of Aries, or vernal equinox,' is in the eastern hori- 
zon, it will be seen that the ecliptic, (and consequently the moon's 
orbit,) makes its least angle with the horizon. Now, at the au- 
tumnal equinox, the sun being in Libra, the moon at the full is 
in Aries, and rises when the sun sets. On the following evening, 
although she has advanced in her orbit about IS'^, (Art. 213,) 
yet her pn^ress being oblique to the horizon, and at a small 
angle with it, she will be found at this time but a httle way be- 
low the horizon, compared with the point where she was at sun- 
set the preceding evening. She therefore rises but little later, 
and so for a week only a little later each evening than she did 
the preceding night. 

217. The moon is about ,', nearer to us vhen near the xenitk 
than when in the horizon. 

Thehorizontal distance CD {Fig. 47,) is newly equal to AD = 
Aiy, which is greater thah CTf by AC, the semi-diameter of the 
earths^, the distmce o[ the mocHi. Accordingly, the aj^srent 
diameter of the moon, when actually measured, is about 30" 
(which equals about ,<, of the whde) greater when in the ze- 
nith than in the borizon. The apparent enlargement of the fuU 
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moon vfaen rising, ia owit^ to the t 
sun, as explained in article 96. 

Fig. 47. 




218. 7%e moon furtu on its aria in the same time in vrfach it 
revolves around the earth. 

This is known by the moon's alvays keeping nearly the same 
fitce towanls us, as ia indicated by the tetescope, which could not 
happen imless her revolution on her axis kept pace with her mo- 
tion in hbt orbit. Thus, it will be seen by inspecting figure 31, 
that the earth turns different faces towards tiie sun at different 
times ; and if a ball having one hemts[^ere white and the other 
black be earned around a lamp, it will eafdly be seen that it can- 
not present the same face constantly towards the lamp unless it 
turns once on its axis while performing its revolution. The same 
thing will be observed when a man walks around a tree, keeping 
his tace constantly towards it. Since however the motion of the 
moon on its axis is uniform, while the motion in its orbit is une- 
qual, the moon does in fact reveal to us a little sometimes of one 
ude and sometimes of the other. Thus when the ball above 
mentioned is placed before the eye with its light side towards us, 
or carrying it round, if it is moved faster than it is turned on its 
axis, a portion of the dark hemisphere is brought into view on 
one side ; or if it is moved forward slower than it is turned on 
its axis, a portion of the dark hemisphere comes into view on the 
other side. 

. 219. These appearances are caUed the moon's Bbraiions in 
bmgitade. The moon has also a Ubration m laOtude, so called, 
because in one part of her revolution, more of the r^on around 
one of the poles comes into view, and in another part of tbs rev- 
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olatton, mon of tbe ngton around the other pole; which gives 
the a]q>eanmce of a tilting motioa to the mooa's axis. This has 
Dearly the same cause with that which occasions ouz change of 
aeasoDS. The moon's axis being inclined to the plane of her 
orbit, and always remaining parallel to itself, the circle which 
divides the risible froni the invisible port of the moon, will pass 
in such away as to tkaov sometimes more of one pole into view, 
and sometimes more of the other, as would be the case with the 
earth if seen from the sun. (See Fig. 31.) 

The moon exhibits another phenomeDoa of this kind called 
her (UwTtai Hbraiion, depending on the daily rotation of the 
q)ectator. She turns tbe same fiice towards tbe center of the 
earth only, whereas we view her from the surface. When she is 
OD the meridian, we see her dis^ nearly as though we viewed it 
from the center of the earth, and hence in this situation it is sub- 
ject to little change ; but when near the horizon, our circle of 
-vision takes in more of the upper limb than would be presented 
to a spectator at the center of the earth. Hence, from this cuiss, 
we see a portion of one limb while the moon is rising, which is 
gradually lost nght of, and we see a portion of the opposite limb 
as the moon declines towards tbe west. It will be remarited that 
neither of the foregoing changes implies any actual motion in the v 
moon, but that each arises from a change of position in the speo- > 
tator. 

220. An inhabitant of the moon would have but one day and 
one night during the whole lunar month of 29^ days. One of 
its days, therefore, is equal to nearly 15 of ours. So protracted 
an exposure to the sua's rays, especially in the equatorial regions 
of the moon, must occasion an excessive accumulation of heat ; 
and so long an absence of the sun must occasion a corresponding 
degree of cold. Each day would be a wearisome summer; each 
night a severe winter.* A spectator on the side of the motm 
which is opposite to us would never see tbe earth ; but one on the 
side next to us would see tbe earth presenting a gradual succes- 
sion of changes during his long night of 3M hours. Soon afler the 
earth's conjunction with the sun, he would have the light of tbe 

* TnatMHu, Unaos- p. 01, 
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earth reflected to turn, preaentmg at first a crescent, but enlai^ing, 
as the earth a.pptauehK ita o]:^)08ition, to a great oib, 13 times as 
large as the full moon a[7)ears to us, and afibrding nearly 13 times 
as much l^t Our seas, our [Jains, ourmouDtains, our volcanoes, 
and our clouds, would produce very diveislfied appeaiaoces, as 
would the various parts of the earth brought snccesuvely into 
view by its diomal rotation. The earth white in view to an ia- 
habituit of the moon, would remain iimnooably fixed in the same 
part of the keavena. For being -Qncooscious of his own mod<« 
around the earth, as we are of our motion around the sun, the 
earth would seem to revolve aronnd bis own plauet from west to 
east ; but, meanwhile, his rotation along with the moon on her 
azia, would cause the earth to have an apparent motion westward 
at the same nte. The two motions, therefore, would exactly 
balance each other, and the earth would hppeai all the while at 
rest. The earth is full to the moon when the Ulter is new to as ; 
and aniversalty the two phases are ctHnplemmtary to each other.* 

i&l. It has been observed already, (Art 214,} that the moon's 
rabit crosses the ecliptic in two opposite points called the nodet. 
That which the mooa crosses from south to north, is called the 
ascendmg node ; that which the moon croBses from north to south, 
the descending node. 

From the manner in which the figure re{»«aentiiig the earth's 
orbit and that of tho moon, is commonly drawn, the learner is 
sometimes puzzled to see how the orbit of the moon can cut the 
ecliptic in two points directly opposite to each other. But he must 
reflect that the lunar orbit cuts the plane of the ecliptic and not 
the earth's path in that plane, although these respective points ai« 
projected upon that path in the heavens. 

222. We have thus far contemplated the revolution of the moon 
around the earth as though the earth were at rest. But, in order 
to have just ideas respecting the moon's motions, we must recol- 
lect that the moon Ukewise revolves along with the earth around 
the sun. It is sometimes said that the earth carriet the moon 
along with her in her annual revolution. This language may 

* Fnaixeur, p. 99. 
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ctmroy aa erroneous idea ; for the moon, as well as the eacth, 
revolves around the bud under the iDdoeoce of tvo forces, and 
would continue her motion around the sun, wen' the earth te- 
moved out of the way. Indeed, the moon is attracted towards 
the SHQ Zi times more than towards the earth>* and would aban- 
don the earth were not the latter also carried along w^ her by 
the same forces. So far as the sua acts equally on both bodies, 
their motion with respect to each ottiw woald not be disturbed. 
Because the gravity of the moon towards the sun is found to b« 
gieater, at the c(»junotion, than her gntvity towards the earth, 
some have ^^vehended that, if the doctrine of nnirersal gravi- 
tation is tnie, the mooa ought necessarily to abandon the earth. 
In order to understand the reason why it does not- do thus, wa 
must reflect, that when a body is revolving in its orbit under tha 
action of the projectile force and gravity, whatever diminishes 
the force of gravity while that of projection remains the same, 
causes the body to recede from the center ; and whatever increases 
the amount of gravity carries the body towards the center. Now, 
when the moon is in conjunction, her gravity towards the earth 
acta in oppodtion to that towards the son, while her velocity 
remains too great to carry her, with what force remains, in a 
circle about the sun, and she therefore recedes from the sua, and 
eiHDmeDces her revolution around the earth. On arriving at the 
(^[^tosition, the gravity of the earth conspires with that of ths 
puo, and the moon's projectile force being less than that retailed 
to make her revolve in a circular orbit, when attracted towards 
the sun by the sum of these forces, she accordingly begins to ap- 
proach the sun and descends again to the coDJunction.t 

WS. The attraction of the sun, however, being every where 
greats than that of the earth, the actual path of the moon around 

" It ii ibowa hf wrilen ob M*ch>nics, that the (breei niili which bodiM re- 
Tolnng in circular orbiu tend Umuia their eentnn, u« u the radii of their oihiti 
diTidwl by the iquuei of Iheir peiiodinl limM. Hence, lappounif the orbits of 
th« earth uid the moon to be oitcbIm, (and their ilight ecoeatrici^ will sol maoh 
•ieot tha laMlt,) we hare 

i H'LanriB'a DiiooveriM of Newton, B. it, «h. 6. 
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the eun is evBiy vhere concara tovarda the latter. Still the elUp* 
tical path of the moon around the earth, is to be conceived of in the 
Hame vay as though both bodies vere at rest with respect to the 
sua. Thus, while a steamboat is passing swiftly around an isl- 
and, and a man is walking slowly aronnd a post in the cabin, the 
line which he describes in space between the forward motion of 
the boat and his circular motion around the post, may be every 
vhere concave towards the island, while his p^h aronnd the post 
will still be the same as though both were at rest. A nail in the 
rim of a coach wheel, will turn around the axis of the wheel, 
when the coach has a forward motion in the same manner as 
when the coach is at rest, althongh the line actually described 
by the nail will be the resultant of both motions, and very difler- 
ent Ctom either. 



CHAPTER Tl. 

t-UKAK mBE6DI.ABITnS. 

^4. We have hitherto regarded the moon as describing a great 
circle on the face of the sky, such being the viable orbit as seen 
by projection. But, on more exact investigation, it is found that 
her orbit is not a circle, and that her moUons are subject to very 
numennts irregnlarities. These will be best understood in con< 
nection with the causes on which they depend. The law of 
univerBol gravitation has been ap^died with wonderful success to 
their investigation, and its results have cons[Hred with those of 
long continued observation, to fiimish the means of ascertaining 
with great exactness the place of the moon in the heavens at any 
given instant of time, past or future, and thus to enable astrono- 
mers to determine longitudes, to calculate eclipses, and to solve 
various other problems of the highest interest. A complete un< 
derstanding of all the irregularities of the moon's motions, must 
be sought for in more extensive treatises of astronomy than the 
present ; but some general acquaintance with the subject, clear 
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and intelligible as far as it goes, tn&y be acqtUFed by fitM gaining 
a diBtinct idea of the mutual actions of the sun, the moon, and 
the earth. 

235. T^he irregularitia i^ the mounts motiojis, are due ehi^A/ 
to the disturbing injluetice of the gun, which operates in two v>af/s ; 
firstf by acttjig unequally on the earth and moon, and, secondly, 
by acting obliquely on the moon, on aecount of the ittcHnaHon of 
her orbit to the ecHptic* 

If the sgn acted equally on the earth and moon, and always 
in parallel lines, this action would serve only to testrain them in 
their annual motions round the sua, and would not affect their 
actions on each other, or their motions about their common center 
of gravity. In tiai case, if they woe allowed to fall directly 
towards the sun, they would &U equally, and their respective 
mtnations would not be affected by their descending equally to- 
wards it We might then conceive them as in a i^ane, every part 
of which being equally acted on by the sun, the whole iptaaa 
would descend towards the sun, but the respective motions of 
the earth and the moon in this ]^ane, would be the same as if 
it were quiescent. Supponog then this plane and all in it, to 
have an annual motion imjMinted on it, it would move regularly 
round the sun, while the earth and moon would move in it with 
respect to each other, as if the pUme weie at rest, without any 
irregularities. But because the moon is nearer the sun in one 
half of her orbit than the earth is, and in the other half of her 
orbit is at a greater distance than the earth Horn the sun, white 
the power of gravity is always greater at a less distaoce ; it fol- 
lows, that in one half of her orbit the moon is more attracted 
than the earth towards the sun, and in the other half less attracted 
than the eanh. The &fcess of the attraction, in the first case, 
and the defect in the second constitutes a disturbing force, to 
which we may add another, namely, that arising from the oblique 
atiion of the solar force, since this action is not directed in par- 
allel lines, but in lines that meet in the center of the sun. 

r, cb.4. La Flue'i Bfst. ^u Hondo, ' 
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226. To see tlie ^ects of this process, let as suppose thai die- 
projectile motions of the earth and nuxHt were destroyed, and 
that they were allowed to fall freely towards the sun. If the. 
moon was in conjunctioQ with the sun, or in that part of her 
orbit which is nearest to him, the moon would be more attracted 
than the earth, and foil with greater velocity towards the sun ; 
so that the distance of the moon from the earth would be in- 
creased in the fall. If the mooa was in oppcnition, or in the part 
of her orbit which is farthest from the sun, she would be less 
attracted than the earth by the stm, and wottid fall with a less 
velocity towards the sun, and would be left behind ; so that the 
distance of the moon from Ae earth would be increased m this 
case also. If the mowi was in one of the quarters, then the earth ' 
and moon being both attracted towards the center of the sun, 
they would both descend directly towards^ that center, and by 
approaching it, they would necessarily at the same time approach 
each other, and in this case their distance from eadi other 
would be diminished. Now whenerer the action of the sqd 
would increase their distance, if they were allowed to fall towards 
ttie suD, then the sun's action, by endeavoring to separate them, 
diminishes their gravity to each other ; whenever the sun's action 
would diminish the distance, then it increases their mutual gravi- 
tation. Hence, in the conjunction and opposition, that is, tn the 
tyzigies, their gravity towards each other is diminished by the 
action of the sun, while in the qnadratures it is increased. But 
it must be remembered that it is not the total action of the sun 
on them that disturbs their motions, but only that part of it which 
tends at one time to separate them, and at another time to bring 
them nearer together. The other and far greater part, has no other 
effect than to retain them in their annual conrse around the sun. 

2S7. Suppose the moon setting out from the quarter that jHre* 
cedes the conjunctions with a velocity that would make her de- 
scribe an exact circle round the earth, if the sim's action had no 
effect on her : since her gravity is increased by that action, she 
must descend towards the earth and move within that circle. 
Her orbit then would be more curved than it otherwise would 
have been ; because the addition to her gravity will make her 
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lUl &rther St tbe end (rf* an arc below the tangent drawn at the 
other rad of it. Her motion vill be thus accelerated, and it will 
continue to be accelerated until she arn7es at tbe enauing con- 
jtmction, because tbe direction of the sun's action upon her, during 
that time, makes an acute angle with tbe direotian of her motion. 
(See Fig. 41.) At tbe conjunctioD, her giavity lowarda tbe earth 
being diminiahed by the action of the sun, bei orbit will then be 
less curved, aod she will be carried farther from the earth as she 
taoves to the next quarter ; and because the action of the sua 
makes there an obtuae angle with the direction of her motion, 
ahe will be retarded in the same degree as she was acceleiated 



228. After this general exi^anation of the mode in which tbe 
ma acts as a disturbing foice on tbe motions of the moon, the 
leainec wiU be prepared to understand the mathematical devel- 
OfHnent of tbe same doctrine. 

Therefore, let ADBC (Fig. 48,) be the orbii, nearly circular, 
in which the moon M revolves in the direction CADB, round the 
earth E. Let S be tbe ma, and let ^'E- *>i- 

SE the radius of the earth's orbit, 
be taken to represent the force with 
which the earth gravitates to the 

sun. Then (Art. 180,) ggvtg^ 

SE' 
:;SE ; grpKithe force by which 

the sun draws the moon in the di- 

SE' 
lectioaHS. Take MG^b^, and 

let tbe parallelogram KF be descri- 
bed, having MG for its diagonal, 
and having its sides parallel to EM 
and ES. The force MG may be 
resolved into two, MP and MK, of 
which MF, directed towards E, the 
center of the earth, increases the 

gravity of the moon to tbe earth, and docs not hinder the areas 
described by (be radius rector from being [woportional to the 
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times. Thfl other force MK draws the moon in the dimctitm of 
the line joiaing the centers of the sun and earth. It is, however, 
only the exceas of this fence, above the force represented by SE, 
or that which draws the earth to the sun, which disturbs the Tela>- 
tire podtioa of the moon and earth. This is evident, for if £Bf 
were just equal to ES, no disturbance of the moon relative to (he 
snn could arise from it. If then ES be taken from MK, the 
difference HK is the whole force in the direction parallel to SEt, 
by which the son disturbs the relative poation of the moon and 
earth. Now, if in ME, MN be taken equal to HK, and if NO 
be drawn perpendicular to the radius vector EM produced, the 
force MN may be resolved into two, MO and ON, the first lessen- 
ing the gravity of the moon to the earth ; and the second, being 
parallel to the (angent of the moon's orbit in M, accelerates the 
moon's motion from C to A, and retards it from A to D, and so 
alternately in the other two quadrants. Thus the whole solar 
force directed to the center of the earth, is composed of the two 
parts HF and MO, which are sometimes opposed to one. an- 
other, but which never affect the uniform description of the areas 
about E. Near the quadratures the force MO vanishes, and the 
force MP, which increases the gravity of the moon to the earth, 
coincides with CE or DR As the moon ap[Ht>aches the conjunc- 
tion at A, the force MO {ffevails over MF, and lessens the gravity 
of the moon to the earth. In the opposite point of the orbit, 
when the moon is in opposition at B, the force with which the 
sun draws the moon is less than that with which the sun draws 
the earth, so that the effect of the solar force is to separate ths 
moon and earth, <« to increase their distance ; that is, it is the 
same as if, conceiving the earth not to be acted on, the sun's force 
drew the moon in the direction from G to B. This force is am- 
ative, therefore, in respect to the force at A, and the effect in both 
cases is to draw the moon from the ewrth in a direction perpen- 
dicular to the line of the quadratures. Hence, the general result 
is, that by the disturbing force of the sun, the gravity to the earth, 
ia increaaed at the quadralurea, and diminiahed at the ayztgicM. 
It is found by calculation that the average amount of this disturb- 
ing force is ji^ of the moon's gravity to the earth.* 

• PI«jfiJr. 
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329. Witb these general priQcifdes in -view, we may dov pro- 
ceed to'investigata the figure of the moon's orbit, and the inegu- 
larities to which the motitms of this body are subject. 

230.' TTie _figwe of the moon's orbit is an elUpae, fuming the 
earth in one of thefod. 

The eUiptical figure of the moon's (»bit, is revealed to us by 
observations on her changes in apparent diameter, and in her 
horizontal paralkx. First, we may measure from day to day the 
apparent diameter of the moon. Its Tsriations being inversely as 
the distances (Art. 163,) they give as at once the relative distance 
of each point of observation from the focus. Secondly, the va- 
riations on the nuwn's horizontal parallax, which also are inversely 
as the distances, (Art 82,) lead to the same results. Observa^ 
tioQS on the uigular velocities, combined with the changes in the 
lengths of the radius vector, afford the means of laying down a 
jHot of the lunar orbit, as in the case of the sun, represented in 
figure 32. The orbit is shown to be neariy an rilipee, because it 
is found to have the properties of an eUipse. 

The moon's greatest and least apparent diameters are respec- 
tively 33'.518 and 29'.365, while her corresponding changes of 
petallas are 61'.4 and 53'.8. The two ratios ought to be equal, 
and we shall find such to be the fact very nearly ; for, 
61.4 : 53.8::33.618 : 29.369. 

The greatest and least distances of the moon from the earth, 
derived from the parallaxes, are 63.8419 and S6.9164, or neariy 
64 and 56, the radius of the earth being taken for unity. Hence, 
taking the arithmetical mean, which is 69.679, we find that the 
mean distance of the moon from the earth is very nearly 60 times 
the radius of the earth. The point in the moon's orbit nearest 
the earth, is called \isx perigee; the point farthest from the earth, 
her apogee. 

The greatest and least apparent diameters of the sun are re- 
spectively 32.683, and 31.617, which nombers express also the 
ratio of the greatest and least distances of the earth fiom the sun. 
By comparing this ratio with that of the distances of the moon, 
it will be seen that the latter vary much more than the fonner, 
and consequently that the hmai cibit is much more eccentric 
17 
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than thfl solar. The eccentricity of the moon's oibit is in ftct 
0.0548, (the semi-major axis being as usual taken for unit7)=rV 
of its mean distance from the earth, while that of the eaitk is 
only .01685 = ,'r of its mean distance from the sun. 

331. The nioon's nodes constantly ahijt their positions in the 
ecUpHc Jnm east to west, at the rate o^ 19° 36' per annum, re- 
turning to the same points in 18.6 years. 

Suppose the great circle of the ecliptic maxked out on the face 
of the sky in a distinct line, and let va observe, at any given time, 
the estct point where the pioon crosses this line, which we will 
suppose to be close to a certain star ; then, on its next return to 
that part of the heavens, we shall find that it crosses ttw ecliptic 
Ben^bly to the westward of that star, and ao on, farther and far- 
ther to the westward every time it crosses the ecliptic at either 
node. This fact is expressed by saying that the nodes r^rograde 
on the ecliptic, and that the line which joins them, or the line of 
the nodes, revolves from east to west. 

232. This shifting of the moon's nodes implies that the lunar 
orbit is not a curve returning into itself, but that it more resem- 
bles a spiral like the curve represented in figure 49, where abc 
represents the ecliptic, and ABC the Fig. 49. 

lunar orbit, having its nodes at C and 
E, instead of A and a ; consequently, 
the nodes shift backwards through 
the arcs aC and AE. The manner 
in which this effect is produced may 
be thus explained. That part of the 
solar force which is parallel to the tine joining the centers of the 
sun and earth, (See Pig. 48,) is not in the plane of the moon's 
orbit, (since this is inclined to the ecliptic about 5°,) except when 
the sun itself is in that plane, or when the line of the nodes being 
produced, passes through the sun. In all other cases it is oblique 
to the plane of the orbit, and may be resolved into two forces, 
one of which is at right angles to that plane, and is directed to- 
wards the ecliptic. This force of course draws the moon con- 
tinually towards the ecliptic, or produces a continual deflection 
of the moon (torn, the plane of her own orMt towards thf^ of the 
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eaith. Hence the mooa meets the plane of the ecliptic aoooes 
than it would have done if that force had not acted. At every 
half revolution, therefore, the point in which the moon meets 
the ecliptic, shifts in a direction contrary to that of the moon's 
motion, or contrary to the order of the signs. If the earth and 
son were at rest, the effect of the deflecting force juat described, 
would be to produce a retrograde motion of the line of the itodes 
till thtu line was brought to paaa through the sua, and of conse- 
quence, the jdaae of the moon's orUt to do the same, after which 
they would both remain in their position, there being no longer 
any force tending to produce change in either. But the motion 
of the earth carries the line of the nodes out of this position, and 
produces, by that means, its ctmtinual retrogradalion. The same 
force produces a small variation in the inclination of the moon's 
orbit, giving it an alternate increase and decrease witfiin very 
narrow limits.* These points will be easily understood by the aid 
of a diagram. Therefore, let MN (Fig. 50,) be the ecliptic, ANB 
the orbit of the moon, the moon being in L, and N its descend- 
ing node. Let the disturbing force of the sun which tends to 
Rg-M. 




brir^ it down to the ecliptic be represented by Lft, and its velocity 
in its orbit by Lo. Under the action of these two forces, the 
moon will describe the diagonal Lc of the parallelogram ba, and 
its orbit will be changed from AN to LN' ; the node N passes to 
K' ; and the exterior angle at N' of the triangle LNN' being greater 
than the interior and opposite angle at N, the inclination of the 
orbit is increased at the node. After the moon has passed the 
ecliptic to the south ade to /, the dist urbing force Id produces a 
• Flijbir. 
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Dev change of the <H:bit N'fe to N"^, and the inclinaUon is di- 
minished as at N". In geasnl, while the moon is receding ftiMii 
one of the nodes, its inclination is diminishing ; while it is i^ 
proaching a node, the iocUnation is increa^g.* 

233. The period occnpied by the son in passing fixHn one of 
the moon's nodes until it comes round to the scane node again, 
is called the synodical reooiution of the nod^ This period is 
shorter than the sidereal year, being wily about 346} days. For 
since the node shifts its place to the weirtwaid 19° 35' pc? anniHn, 
the san, io his annual revolution, comes to it so much before he 
completes his entire circuit ; and since the eun moves about a 
degree a day, the synodical tevolutioQ of the. node is 366 — 19= 
346, or more exactly, 346.619861. The time from one new 
moon, oriromoDe full moon, to another, is 29.5305887 days. 
Now 19 synodical revdutiona of the nodes contain very nearly 
223 of these periods. 

For 346.619861 x 19=6685.78, 
And 89.5305887x223=6685.32. 
Hence, if the sun and moon were to leave the moon's node 
together, after the sun bad been round to the same node 19 times, 
the moon would hare performed very nearly 223 synodical rev<^ 
lutions, and would, therefore, at the end of this period meet at 
the same node, to repeat the same circuit Ajid since eclipses of 
the sun and moon depend upon the relative position of the sun, 
the moon, and node, these phenomena ate repeated in nearly the 
same order, in each of those periods. Hence, this period, con- 
sisting of about 18 years and 10 days, under the name of the 
Soros, was used by the Chaldeans and other ancient nations in 
predicting eclipses. - 

234. The Metonie Cyde is not the same with the Saros, but 
• consists of 19 tropical years. During this period the moon makes 

very nearly 236 synodical revolutions, and hence the nae and 
Jtttl moona, if reckoned by periods <tf 19 years, tecui at the same 
dates. If, for example, a new moon fell on the fiftieth day of 
one cycle, it would also &11 on the fiftieth day of each succeed- 

* FnnctBur, Uianog. p. 158, — Rabuon'i Phyl. Ajlronomj, Art. 364. 
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ing cycle ; aod, since the regulation of games, feasts, and fosts, 
has been made very exteosirely according to new or full moons, 
hence this Iimar cycle has been much used botfi in ancient and 
modem times. The Athenians adopted it 433 years before the 
Christian era, fta the regulation of their caleodar, and had it iq- 
acrlbed in letters of gold on the walls of the temple of Minerva. 
Hence the tetm Qoiden Nvmber, which denotes the year of the 
lunar cycle. 

335. Tlu Une of the apsides of ike moon's orbit revolvea from 
west to east through her whole orhit in about nine years. 
' If, in any revolution of the moon, we should accurately mark 
the place in the heavens where the moon cornea to its perigee, 
(Art. 230,) we should find, that at the next revolution, it would 
come to its perigee at a point a little farther eastward than before, 
and so on at every revolution, until, after 9 yean, it wontd come 
to its perigee at nearty the same point as at first This &ct ia 
expressed by saying that the perigee, and of course the apogee, 
revolves, and that the line which joins these two pomts, or the 
line of the apsides, also revolves. 

The place of the perigee may be found by observing when 
the moon has the greatest apparent diameter. But as the mag- 
nitude c^ the moon varies slowly at this point, a better method 
of ascertaining the position of the apsides, is to take two points 
in the orbit where the variations in apparent diameter are most 
tapid, and to find where they are equal oa opposite sides of the 
orbit The middle point between the two wilt give the place of 
the perigee. 

The angular distance of the moon from her perigee in any part 
of her revolution, is called the Moon's Anomaly. 

236. The change of place ia the apsides of the moon's orbit, 
like the shifting of the nodes, is caused by the disturbing influence 
of the sun. If when the moon sets out from its perigee, it were 
Urged by no other force than that of projection, combined with 
its gravitation towards the earth, it would describe a symmetrical 
curve (Art 186,) comity to its apogee at the distance of 180°. 
But as the mean ditforbing foice in the direetioo of the radius 
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vector tends, on the whole, to dimiiiish the gravitfttioa of the 
moDD to the earth, the portion of the path described in an in- 
stant will bo less deflected from her tangent, or less curved, tiian 
if this force did not exist. Heocs the path of the moon will 
not intersect the radius vector at right angles ; that is, she will 
not arrive at her apogee until after paaaing more than 180° fiom 
her perigee, by whieh means these points will constantly shift 
their positions from west to east* The motion of the apsides ig 
found to be 3° 1' 20" for every sidereal revolution of the moon. 

237. On accoont of the greater eccentricity of the moon's orbit 
above that of the sun, the Equation of the Center, or that cor- 
rection which is api^ied to the moon's mean anomaly to find her 
true anomaly (Art. 200,) is much greater than that of the sun, 
being when- greatest more than uz degrees, (6° 17' 12". 7,) while 
Uuit of the sun is less than two degrees, ( l'^ 55' 26".8.) 

238. Next to the equation of the center, the greatest coirection 
to be applied to the moon's longitude, is that which belongs to 
the Evedion: The evection is a change of farm in the lunar 
orbit, by which its eccentricity is sometimes increased, and some- 
times diminished. It depends on the position of the line of the 
apsides with respect to the line of the syzigies. 

This irregularity, and its connexion with the place of the peri- 
gee with respect to the place of conjunction or opposition, was 
known as a faU to the ancieiU astronomers, Hipparchus and 
Ptolemy ; bui its cause was first explained by Newton in coq- 
fonuity with the law of universal gravitation. It was found, by 
observation, that the equation of the center itself was subject to 
a periodical variation, being greater than its mean, and greatest of 
all when the conjunction or opposition takes place at the perigee 
or apogee, and least of all when the conjunction or opposition 
takes place at a point half way between the perigee and apogee ; 
or, in the more common language of astronomers, the equation of 
the center is increased when the line of the apsides is in syzigy, 
and diminished when that line is in quadrature. If, for example, 
when the hne of the abides is in syzigy, we compute the moon's 

'Piajftit. 



..Google 



LUHIB IBBSGin.ABmES. 135 

j^ace by dedncling tibe eqaaticm of the cenleir £nnn the mean 
anomaly (See Art. 200,) seven days after conjunction, the com- 
puted longitude viU be gieater than that detennined by actual 
obserration, by about 80 minutes ; but if the same estimate is 
made when the line of the apsides is in quadiatuie, the computed 
longitude will be less than the observed, by the same quantity. 
These results plainly e^ow a connexion between the velocity of 
the moon's motions imd the poration of the line of tbs apsides 
with rei^iect to the line <^ the syzigiea. 

239. Now any cause which, at the perigee, should have the 
effect to increase the moon's gravittUion towards the earth beyond 
Hfl mean, and, at the apc^ee, to diminish the moon's gravitation 
towards the earth, would augment the difference between the 
gravit^ion at the perigee and at the ap(^;ee, and consequently in- 
crease the eccentricity of the wbit. Again, any cause which at 
the perigee should have the effect to lessen the moon's gcavitation 
towafd8 the earth, and, at the apogee, to increase it, would lessen 

- the difference between the two, and consequently diminish the 
eccentricity of the orbit, or bring it nearer to a circle, l-et us 

. see if the disturbing force of the sun produces these effects. The 
sun's disturbing force, as we have seen in article 228, admits of 
two resolutions, one in the direction of the radius vector, (OM, 
Fig. 48,) the othw (ON) in the direction of a tangent to the orbit 
First, let AB be the line of the apsides in syzigy, A being the 
place of the perigee. The sun's disturbing force OM is greatest 
in the direction of the line of the syzigies ; yet being jvoportional 
to the distance of the moon irom the earth, it is at a minimum 
when acting at the perigee, and at a maximum when acting at 
the apogee. Hence its effect is to draw away the moon from the 
earth less than usual at the perigee, and of course to make her 
gravitation towards the earth greater thfm usual, while at the 
apogee its effect is to diminish the tendency of the moon to the 
earth more than nsual, and thus to increase the disproportion be- 
tween the two distances of the moon from the focus at these two 
points, and of course to increase the eccentricity of the orbil. 
The moon, therefore, if moving towards the perigee, ie brought 
to the line of the apsides in a point between its mean place and 
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the eaitb ; or if moving towards the iqmgee, she reaches the line 
of the apsides in a point more remote from the earth than its 
mean jJace. 

Secondly, let CD be the line of the apsides, in quadntiue, C 
being the {dace of the perigee. The effect of the sun's disturb- 
ing force is to increase the tendency of the moon towards the 
earth wiien in quadrature. If, however, the moon is then at her 
perigee, snch increase will be less than usual, and if at hw apc^ee, 
it will be more than usual ; hence its effect will be to lessen the 
disivoportion between the two distances of the moon frcHU the 
ftttces at these two points ; and of course to diminish the eccen- 
tricity o{ the orbit. The moon, therefore, if moving towards 
the perigee, meets the line of the apsides in a point more remote 
iiom the earth than the mean place of the perigee ; and if mo- 
ving towards the apc^^, in a point between the earth and Uie 
mean place of the apogee.* 

240. A third inequality in the lunar motions, is the Variation. 
By comparing the moon's place as computed from her mean mo- 
tion corrected for the equation of the center and for evection, 
with ha [dace as determined by observation, Tycho Brahe dis- 
covered that the computed and observed places did not always 
agree. They i^reed only in the syzigies, and disagreed most at 
a point half way between, that is, at the octants. Here, at the 
maximum, it amounted to more than half a degree (35' 41."6.) 
It appeared evident from examining the daily observations while 
the moon is performing her revolution around the earth, that this 
inequality is connected with the angular distance of the moon 
from the sun, and in every part of the orbit could be correctly 
exfxessed by multiplying the maximum value as given above 
into the sine of twice the angular distance between the sun and 
the moon. It is, therefore, at the conjunctions and quadratures, 
and greatest at the octants. Tycho Bmhe knew the fact: New- 
ton investigated the cause. 

It appears by article 228, that the sun's disturbing force can be 
resolved into two parts, — one in the direction of the radius vector, 
the other at right angles to it in the direction of a tangent to the 

i'> AM. p. 680. 
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noon's orbit The former, as already explained, pioduces the 
ErecUoD : the latter produces the YariatioD. This latter force 
will accelerate the moon's velocity, in every point of the quadrant 
which the numn describes in moving from quadrature to conjnnc- 
tioo, «r from C to A, (Fig. p. 127,) but at an unequal rate, the 
acceleration being greatest at the octant, and nothing but at the 
quadratore and the conjtmction ; and when the moon is past 
conjunction, the tangential force will change its direction and 
retard the moon's motion. AH these points will be understood 
by inspection of figure 48. 

241. A fourth lunar inequaUty is the AnnutU Equation. This 
depends on the distance of the earth (and of course the moon) 
from the sun. Since the disturbing influence of the sun has a 
greater effect in proportion as the sun is nearer,* consequently aU 
the inequalities depending on this influence must vary at different 
seasons of the year. Hence, the amoimt of this effect due to 
any particular time of the year is called the Annual Equation. 

243. The foregoing are the largest of the inequalities of the 
moon's motions, and may servaas ^edmens of the corrections that 
are to be applied to the mean place of the moon in order to find 
her true place. These were first discovered by actual observation ; . 
but a far greater number, though most of them are exceedingly 
minute, have been made known by the investigations of Phys- 
ical Astronomy, in following out all the consequences of universal 
gravitation. In the best tables, about 30 equations are c^plied to 
the mean motions of the moon. That is, we first compute the 
place of the moon on the supposition that ^le moves uniformly 
in a circle. This gives us her mean place. We then proceed, 
by the aid of the Lunar Tables, to apply the different corrections, 
such as the equation of the center, evection, variation, the annual 
equation, and so on, to the number of 28. Numerous as these 
corrections appear, yet La Place informs us, that the whole num- 
ber belonging to the moon's longitude is no less than 60 ; and 
that to give the tables all the requisite degree of precision, addi- 
tional investigations will be necessary, as extensive at least as 

* VsTfiDi reciptoeall; u tbe cuit of ths aun'i duUnce ftom Ui< euth. 

18 
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ihose already made.* The best tables in use in the time of Ty- 
cho Brahe, gave the moon's place only by a distant approximation. 
The tables in use in the time of Newton, (Halley'a tables,) ap> 
pozimated witbin 7 minutes. Tables at present in-use give the 
moon's place to 5 seconds. These additional degrees of accuncy 
have been attained only by immense labw, and by the united 
efforts of Physical Astronomy, and the most refined obserTations. 

243. The inequalities of the moon's motions are divided into 
. periodical and secular. Periodical inequalitiss are those which 
are completed in compatativdy short periods, like erection and 
Variation : Secular iuequalitiefi are those which are completed 
only in very long periods, such as centuries or ages. Hence the 
corresponding terms periodical equatiotia, and secular equations. 
As an examine of a secular inequality, we may mention the so 
celeration of the moon's mean motion. It is discovered, that the 
moon actually revolves around the earth in less time now than 
she did in ancient times. The difference however is exceedingly 
small, being only about 10" in a century, but increases from cen- 
tury to century as the square of the number of centuries. This 
remarkable fact was discovered by Dr. Halley.f In a lunar 
eclipse the moon's longitude differs from that of the sun, at the 
middle of the eclipse, by exactly 180° ; and since the sun's lon- 
gitude at any given time of the year is' known, if we can learn 
the dhy and hour when an eclipse occurs, we shall of course know 
the longitude of the sim and moon. Now in the year 721 before 
the Christian era, on a specified day and hour, Ptolemy records a 
lunar eclipse to have happened, and to have been observed by 
the Chaldeans. The moon's longitude, therefore, for that time 
is known ; and as we know the mean motions of the moon at 
present, starting from that epoch, and computing, as may easily 
be done, the place which the moon ought to occupy at [nresent at 
any given time, she is found to be actually nearly a degree and 
a half in advance of that place. Moreover, the same conclusion 
is derived fixim a comparison of the Chaldean observations with 
those made by an Arabian astronomer of the tenth century. 

■ 8y»t. dn Monde, 1. iv, c. 5. 

t Aitronomer Royal of Great Britain, and colemponrj with Bir Inae Newton 
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This i^wtKHnenon at first led asuonomen to apprehend that the 
moon encouQteied a resisting medium, which, by destroying at 
every reTolulion a small portion of her projectile force, would 
have the effect to bring her nearer and nearer to the earth and thus 
to aogment her velocity. But in 1786, La Place demtHiatrated 
that this acceleration is one of the legitimate effects of the sun's 
disturbing force, and b so connected with changes in the eccen- 
tricity of the earth's orbit, that the moon will continue to be 
accelerated while diat eccentricity diminishes, but when the ec- 
centricity has reached its minimum (as it will do aAer many ages) 
and begins to increase, then the moon's motkin will begin to be 
retarded, and thus her mean metions will oscillats forarei about 
amean value. 

244. The lunar inequalities which have been considered are 
such only as effect the moon's longitude; but the sun's disturb- 
ii^ force also causes inequalities in the moon's latitude and par- 
uilax. Those of latitude alone require no less than twelve equa- 
tioos. Since the moon revolves in an orbit inclined to the ecliptic, 
it is easy to see that the oblique action of the sun nuist admit of 
a resolution into two forces, one of which beii^ perpendicular to 
the moon's orbit must effect changes in her latitude. Since also 
several of the inequalities already noticed involve changes in the 
length of the radius vector, it is obvious that the moon's parallax 
must be subject to corresponding perturbations. 



CHAPTEK VII. 



245. Ah ecKpae of the moon happens, when the moon in its 
revolution about the earth, &lls into the earth's shadow. An 
ec^se of the tun happens, when the moon, coming between the 
earth and the sun, covers either a part oc the whole of the solar 
disk. An edipee of the sun can occur only at the time of con* 
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jiiQction, or new moon ; and an eclipse of the moon, only at the 
time of oppoeilion, or full moon. Were the moon's orbit in Uie 
same plane with that of the earth, or did it coincide with the 
ecliptic, then an eclipse of the sun would take place at every 
conjunction, and an eclipse of the moon al ereiy opposition ; for 
as the son and earth both lie in the ecliptic, the shadow of the 
earth must also extend in the same piane, being of course always 
directly opposite to the son ; and since, as we shall soon see, the 
length of this shadow is much greater than the distance of the 
moon from the earth, the moon, if it rerolved in the plane of the 
ecliptic, must pass through the shadow at eFory full moon. For 
similar reasons, the moon would occasion an eclipse of the sun, 
partial or total, in some portions of the earth at every new moon.. 
But the lunar orbit is inclined to ^e ecliptic about 5°, so that the 
center of the moon, when she is farthest from her node, is S° from 
the axis of the earth's shadow (which is always in the ecliptic;) 
and, as we shall show presently, the greatest distance to which the 
shadow extends on each side of the ecliptic, that is, the greatest' 
semi-diameter of the shadow, where the moon passes through it, 
is only about 3 of a degree, while the semi-diaraeier of the moon's 
disk is only about } of a degree ; hence the two semi-diame- 
ters, namely, that of the moon and the earth's shadow, cannot 
overlap one another, unless, at the time of new or full moon, the 
sun is at or very Dear the moon's node. In the course of the sun's 
i^parent revolution around the eaith once a year, he is succea- 
sively in every port of the ecliptic ; cMisequently, the c<H]iunctions 
and oppositions of the sun and moon may occur at any part of the 
ecliptic, either when the sun is at the moon's node, (or when he 
is passing that point of the celestial vault on which the moon's 
node is projected as .seen from the earth;) or they may occur 
when the sun is 90° from the moon's node, where the lunar and 
solar orbits are at the greatest distance from each other ; or, finally, 
they may occur at any intermediate point. Now the sun, in his 
annual revolution, passes each of the moon's nodes on opposite 
sides of tha ecliptic, and of course at opposite seasons of the 
year ; so that, lor any given year, the eclipses commonly happen 
m two opposite months, as January and July, February and Au- 
gust, May and December. These, therefore, are called Node 
Months. 
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246. If the sun were of the same size with the earth, the 
shadow of the earth would be cylindrical and infinite in length, 
since the tangents drawn from the sun to the earth (which form 
the boundaries of the shadow) would be parallel to mth other ; 
but as the sun is a vastly larger body than the earth, the tangents 
conrerge and meet in a point at some distance behind the e«rth, 
forming a cone of which'the earth is the base, and whose vertex 
(and of course its axis) lies in the ecliptic. A little redeotioa 
will also show us, that the form and dimensions of the shadow 
must be affected by several circumstancea ; that the shadow most 
be of the greatest length and breadth when the sun is larthest 
fiom the earth ; that its figure will be slightly modified by the 
8[4uroidal figure of the earth ; and that the moon, being, at the 
time of its opposition, sometimes neeier to the earth, and some* 
times farther fiom it, will accordingly traverse it at points where 
its breadth varies more or less. 

247*. Tltettmi-aingleof the cone of the tarth'a ahadow, is equal 
to the sun's apparent aemi-diameter, minus his horizontal par- 
tUlax. 

Let AS (Fig. 51,] be the semi-diameter of the sun, BE that of 
Uie earth, and EG the axis of ^e earth's shadow. Then the 
semi-angleof the cone of the earth's shadow ECBsAES — EAB, 



Fig. 61. 




of which AE3 is the sun's semi-diameter and EAB his horizontal 
parallax ; and as both these quantities are known, hence the an- 
gle U the vertex of the shadow becomes known. Putting ' for 
the sun's semi-diameter, and j> for his horizontal parallax, we 
have the semi-angle of the earth's diadow ECB»'— ^. 
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248. At the mean dtBtanee of the earth from the sun, the lengtA 
of the earth's shadow is about 860,000 miles, or more than thrrn 
times the distance of the moon fronv the earth. 

In the right angled triangle ECB, the angle ECB being known, 
and the side EB, we can find the side EG. For no. 8—p i £B 

EB 
: : R : EC =-; — -, — z* This value will vary with the sun's aemi- 
sin. —p ' 

diameter, being greater aa that is less. Its mean value being 
16' {".S and the sun's horizontal parallax being 8".6, 9—p=* 
15' 6Sf.9, and EB =3958.2. Hence, 

Sin. 15- 53" : Bad. : : 3966.2 : 856,276. 
Since the distance of the moon from the earth is 238.545 miles, 
the shadow extends about 3.6 times as far as the moon, and con- 
aequMitly, the moon passes the shadow towards its broadest part, 
where its breadth is much more than sufficient to cover the mooQ's 
disk. 

249. 7^ average breadth of the earth's shadoie tohere it 
ecUpses the moon, is aUnast three times the moon's dtamOtr. 

Let mm' (Fig. 51,) represent a section of the earth's shadow 
where the moon passes through it, M being the center of the cir- 
cular section. Thea the angle MEm will be the angular breadth 
of half the shadow. But, 

MEm=BinE — BCE; that is, since BmE is the moon's hori- 
zontal parallax (Art. 82,) and BCE equals the sun's semi-diame- 
ter minus his horizontal paialtaz {S ~p), Uierefore, putting P for 
the moon's horizontal parallax, we have 

MEm = P-{*-j))=P+^-*; that is, since P=67' 1" and 
a-j. = 15'62".9, therefore, 57' l"-16'62".9=41'8".l, which is 
nearly three times 15' 33", the semi-diameter of the moon. Thus, 
it is seen how, by the aid of geometry, we learn to estimate vari- 
ous particulars respecting the earth's shadow, by means of known 
data derived from observation. 

250. The distance of the moon from her node when she jOst 
touches the shadow of the earth, in a lunar eclipee, is called 
the Lunar McUpHc lAmit ; and her distance from Ae node in a 
solar eclipse, whea the moon just touches the sotai disk, is called 
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the Solar Ediptic LimU. The Limits are reapectiTely the far- 
theat possible distances firau Uie DOde at which eclipoea can take 
place. 

261. The Lunar Ecliptic Limit is nearly 12 degrees. 

Let CN (F^. 52,) be the sun's path, MN the moon's, and N the 

node. Let Ca be the Gemi-diameter of the earth's shadow, and 

Ma the aemi-dianietei of the moon. Since Co and Ma are known 

Fig. 53. 




quantities, their sum CM is also known. The angle at N is 
known, being the inchnation of the lunar orbit to the ecliptic 
Hence, in the spherical triangle MCN, right angled at M,* by 
Napier's theorem, (p. 60.) 

Had. xsin. CM=sin. CNxsin. MNC. 
The greatest apparent semi-diameter of the earth's shadow 
where the moon crosses it, computed by article 249, is 4? 52", 
and the moon's greaGest apparent semi-diameter, is 16' 45".d, 
which together, give MC equal to 62' 37".5. Taking the incli- 
nation of the moon's orbit, or the angle MNC (what it generally 
is in these circumstances) at 6° 17', and we have Rad. xsia. 

62' 37".5=sin. CNxrin. 5° 17', or sin. CN= ^ °-o iy/ 

' sin. 6" 17 

=11° 25' 40".t This is the greatest distance of the moon from 

her node (In longitude) at which an eclipse of the moon can take 

place. By varying the value of CM, corresponding to variations 

in the distances of the sun and moon from the earth, it is found 

that if NC is less than 9°, there mutt be an eclipse ; but between 

this and the limit, the case is doubtful. 

When the moon's disk only comes in contact with the earth's 

shadow, as in figure 52, the phenomenon is called an appulse ; 

' The line CH ii to be regarded u the projeetUn at the line which connecU 
thcceDtenoflhemoonandsectionof theeulb'aahtidow, aiMenfVom the earth, 
t Woodhooae'B Aitomomf , p. 718. 
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TheD only a part of the disk enters the shadow, the eclipse i» 

said to be partial, and tvial if the whole of the disk rnitars the 
shadow. The eclipse is called central when the moon's center 
coincides with the axis of the shadow, which ha[^D8 when the 
moon at the time of the eclipse is exactly at her node. 

252. Before the moon eaters the earth's shadow, the earth begins 
to intercept from it portions of the sun's light, gradually increasing 
until the moon reaches the shadow. This partial light is called 
the motsi'a Penumbra, Its limits are ascertained by drawing 
the tangents ACS', and A'CyB. Throughout the space ineloded 
between these tangents more or less of the sun's light is inter- 
cepted from the moon by the interposition of the eardi ; for it is 
evident, that as the moon moves towards the shadow, she would 
gradually lose the riew of the sun, until, on entering the shadow, 
the sun would be entirely hidden irom her. 

253. 7^ semi-angle of the Penumbra equals the sun's sem^ 
diameter and horizontal panUlax, or9-\-p. 

TheangleAC'M(Fig.51,)=AC'S=AES+B'AE. But AES 
ia the snn's semi-diameter, and B'AE is the sun's horizontal pai> 
allax, both of which qiuintities are known. 

254 The aemi-angh of a section of the Penumbra, where the 
moon crosses it, equals the moon's horizontal parallax, plus the 
sun's semi-diameter. 

The angle AEM (Pig. 61,)»EAC'-f ECA. But EAC=P, the 
moon's horiEontal parallax, and E/C'U=8+p (Art. 262,) .:. AEM 
=^P+p+S, all which are likewise known quastities. 

Hence, by means of these few elements, which are known 
from observaticHi, we ascend to a complete knowledge of all the 
particulars necessary to be known respecting the moon's penumbra. 

265. In the ptecedii^ investigations, we have supposed that 
the cone of the earth's shadow is formed by lines drawn from 
the sun, and touching the earth's surface. But the apparent di< 
ameter of the shadow is found by observation to be somewhat 
greater than would result irom this hypothesis. The fact is ac- 
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coonted for bf supposing that a portioQ of the solar rays vhich 
grazfl the earth's surface are absorbed and extinguished hy the 
lower strata of the attnosphere. This amounts to the same thing 
as though the earth were larger than it is, in which case the 
moon's horizonta] parallax would be increased ; and accordingly, 
in order that theory aitd observation may coincide, it ia found 
necessary to increase the parallax by ,'t- 

266. In a total eclipse of the moon, its disk is still visible, 
sbiuing with a dull red light. This light cannot be dfcrired di- 
rectly from the sun, since the view of the sun is completely hid- 
den from the moon ; nor by reflexion from the earth, since the 
illuminated side of the earth is wholly turned fiom the moon ; 
but it is owing to refraction by the earth's atmosphere, by which 
a few scattered rayS of the sim are bent round into the earth's 
shadow and conveyed to the moon, sufficient in number to afford 
the feeble light in qoestioa 

257. In calcul^ng an edipae of the moon, we first leam from 
the tables in what moDth the sun, at the time of full numn in that 
month, is near the moon's node, or within the lunar ecliptic limit. 
This it must evidently be easy to determine, since the tables ena- 
ble us to find both the loogittkles of the nodes, and the longi- 
tudes of the sun and moon, for every day of the year. Conse- 
quently, we can find when the sun has nearly the same longituda 
as one of the nodes, and also the ^vecise moment when the lon- 
gitude of the moon is 180° from that of the sun, for this is the 
time of opposition, or of the middle of the ecBpse. Having the 
time of the middle of the eclipse, and the breadth of the shadow, 
(Art 249,) and knowing, Irom the tables, the rate at which the 
moon moves per honr faster than the diadow, we can find how 
long it will take her to traverse half the breadth of the shadow ; 
and this time subtracted from the time of the middle of the 
ecHpse, will give the beginning, and added to the time of the 
middle will give the end of the eclipse. Or if instead of the 
breadth of the shadow, we employ the breadth of the penum- 
bra (Art. 253,) we may find, in the same manner, when the 
moon enters and when ^e leaves the peaumtsa. We see, 
19 
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tbeiefere, how by having a few ihmgs known by observatkm, 
such as the sua and moon's semi-diameters, and their horizontal 
parallaxes, we hse, by the aid of trigonometry, to the knowledge 
of various particulars respecting the length and breadth of the 
shadow and of the penumbra These being known, we next 
have recourse to the tables which contain all the necessary par- 
ticulars respecting the motions of the sun and moon, together 
with equations or corrections, to be applied for all their irregulari- 
ties. Hence it is comparatively an easy task to calculate with 
great acooracy an eclipse of the moon. 

258. Let us then see how we may find the exact time of the 
beginning, end, duration, and magnitude, of a lunar eclipse. 

Let NG (Fig. S3,) be the ecliptic, and "Sag the moon's orbit, 
the sun being in A when the moon is in opposition at a; let N 
be the ascending node, and Aa the moon's latitude at the u 

Fig. 53. 



of opposition. An hour ailerwards the sun will have passed to 
A', and the moon tog', when the difference of longitude of the two 
bodise will be ^A'. Then ^ A is the moon's hourly motion in lati- 
tude, and ah her hourly motion in longitude. As the character 
and forcn of the eclipse will depend solely upon the distances 
between the centers of the sun and moon, that is, upon the line 
g\', instead of considering the two bodies as both in motion, 
we may suppose the sun at rest in A, and the moon as advancing 
with a motion equal to the difference between its rate and that 
of the sun, a supposition which will simplify the calculation. 
Therefore, draw gd parallel and equal to A'A, join dA, and this 
line being equal to gA', the two bodies will be in the same rela- 
tive situation as if the sun were at A' and the moon at g. Join 
da and produce the line da both ways, cutting the ecliptic in F ; 
then daF will be the moon's Relative Orbit. Hence ai=ak — 
AA'=the difference of the hoiuly motions of the sun and moon, 
that is, the moon's relative motion in longitude, and dt=the 
moon's hourly motion in latitude. 
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Draw CD (Pig. 54,) to reiwoaent the ecliptic, and let A be the 
place of the sun. As the tables give the computation of the 
moon's latitade at every instant, consequently, we may tal:e from 
tiiem the latitude corresponding to the instant of opposition, and 
^ one hour later ; and we may take also the sun'a and moon's 
hourly motions in longitude. Take AD, AB, eaeh equal to the 




lelative motion, and AB=the latitude in opposition, Drf^the lati- 
tude one hour afterwards ; join da and produce the line da both 
ways, and it will represent the moon's relative orbit. Draw B6 
at right angles to CD and it will be the latitude an hour before 
oj^)osition. At the time of the eclipea, the apparent distance of 
the center of the shadow from the moon is very small ; conse- 
quently, CD, erf, Drf, &c. may be regarded as straight linea. 
During the short interval between the beginning and end of an 
ecUpse, the motion of the sun, and consequently that of the cen- 
ter of Uie shadow, may likewise be regarded as uniform. 

259. The various particulars that enter into the calculation at 
an eclipse are called its Element ; and as our object is here merely 
to explain the method (A calculating an eclipse of the moon, (re- 
serving the actual computation for the fourth part of this work,] 
we may take the elements at their mean value. Thus, we will 
consider erf as inclined to CD 6° 9, the moon's horizontal parallax 
as 68', its semi-diameter as 16', and that of the earth's shadow 
as 42'. The line Am perpendicular to erf ^ves the point m foe 
the place of the moon at the middle of the eclipse, for this line 
bisects the chord, which represents the path of the moon through 
th^hadow ; and mM, perpendicular to CD, gives AM for the 
Ume of the middle of the eclipse before opposition, the number 
of minutes before opposittoa being the same part of an hour that 
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AMisof AB.* From tha centM A, with a ndius equal to that of 
the earth's shadow (42') describe the semi-circle BLP, and it will 
repieseDt the projection of the shadow traveised bf the tnooa. 
With a radius equal to the semi-diameter of the shadow aod that 
of the moon (=43'4-16'=:68') and with the contai A, mark the 
two points c and / on the lelative orbit, and thejr will be the 
I^ces of the center of the moon at the beginning aod end of 
the eclipse. The perpendiculars cC, /F, gire the times AC and 
AF of the commeocemeDt and the end of the ecUpse, aod CM, 
or MF gives half the duration. From the centers c and/ with 
a radius equal to the aemi-diometer of the moon ( l^) describe 
circles, and they will each touch the shadow, (Euc. 3.12.) indi- 
cating the position of the moon at the beginning and end of 
the eclipse. If the same circle described from m is wholly 
within the shadow, the ecllpae will be toto/; if it is only partly 
within the shadow, the eclipse will be pariiaL With the center 
A, and radius equal to the semi-diameter of the diadow minua 
that of the moon (42'- 16'»=26') mark the two points &,/, which 
wilt give the places of the center of the moon, at the beginning 
and end of total darlcness, and MC, MF' will give the correa* 
ponding times before and after the middle of the ecUpse. Theil 
sum will be the duration of total darkness. 

260. If the foregoing projection be accurately made from a 
scale, the required particulars of the eclipse may be ascertained 
by measuring on the same scale, the lines which respectively rep- 
resent them ; and we shoiUd thus obtain a near approximation to 
the elements of the eclipse. A more accumte determination of 
these elements may, however, be obtained by actual calculation. 
The general principles of the calculation will be readily understood. 

First, knowing ai, (Fig. 53,) the moon's relative longitude, aod 
di, her latitude, we find the angle dai, which is the inclination of 
the moon's relative orbit. But dai=aAm; and, in the triangle 
aAot, we have the angle at A, and the side Aa, being the mo<m's 
latitude at the time of opposition, which is given by the ta- 
bles. Hence we can find the side \m. In the triangle AnjM^ 

)• nMn whea >i w ia callml orbit 
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(F^. 64,) having the side Am and the angle At»M (=aAm) we 
can find AM=the aic of relative longitude described by the moon 
from the time of the middle of the eclipse to the time of opposi- 
tion ; and knowing the moon's hourly motion in longitude, we 
can convert AM into time, and this subtracted from the time of 
oi^MMiti<m gives us the time of tke middle of tA« ecUpee. 

Secondly, since we know the length of the line Ao* and can 
easily find the angle cAG, we can thus obtain the side AC ; and 
AC — AM =MC, which arc, converted into time by comparing it 
-with the moon's hourly motion in longitude, gives as, when sub^ 
tnicted from the lime of the middle of the eclipee, the time of the 
b^inmnff of the oclvpee, or when added to that of the middle, 
tka time of the end of the ecHpte. The simi of the two equals 
the tchole ebtraiion. 

Thirdly, by a similar method we calculate the value of MC, 
which converted into time, and subtracted from the time of the 
tniddJe of the ecHpse, gives the commeneement of totai darkness, 
m wlien added gives the atd of total darkness. Their sum is 
the dtiroHon of total darkness. 

Foor^ly, the quantity of the eelipss is determined by sDpposii^ 
the diameter of ttie moon divided into twelve equal parts called 
Digits, and &idiiig how many such parts lie within the shadow, 
at the time when the centeis of the moon and the diadow are 
Dearest to each other. Even when the moon lies wholly within 
the shadow, the quantity of the eeUpse is still expressed by the 
number of digits contained in that part of the line which jwna 
the center c^ the shadow and the center of the moon, which ia 
intercepted between the edge of the shadow and the inner edge 
of the moon. Thus in figure 54, the number of digits eclipsed, 

no Ao — An Ao— (Am — tmm) 
*'i'^*^ yzj=" 1 ' ^/ "' = Tin 1 an ex^aession contam- 

ing only known quaniitiea. 

261. The foregoing will serve as an explanation of the general 
principles, on which proceeds the calculation of a lunar eclipse. 
The actual methods practiced employ many expedients to facili- 
tate the process, and to insure the greatest possible accuracy, tho 
* Thif lm« it not nprsMiitAd in Uu Bfdr*, bat 0W7 ba waif inafiiwd. 
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nature of which will be ezptained and exemplified in the fbtirth 
pait of this work. 

262. The leading particulars respectii^ an GoLiPBK ov TBE Soir, 
are ascertaioed very nearlf like those of a lunar eclipse. The 
shadow of the moon travels over a portion of the, earth, as the 
shadow of a small cloud, seen fiora au eminence in a clear day, 
tides along over hills and plains. Let us imagine ourselves staod- 
iog on the moon ; then we shall see the earth partially eclipsed 
by the shadow of the moon, in the same manner as we now see 
the moon eclipsed by the earth's ^ladow ; and we might proceed 
to find the length of the shodow, its breadth where it eclipses the 
earth, the breadth of the penumbra, and lis duration and quan- 
tity, in the same way as we have ascertained these particulars fw 
an eclipse of the moon. 

But, although the general characters c^ a solar eclipse might 
be investigated on these priaciides, so far as respects the earth at 
large, yet as the appearances of the same eclipse of the sun are 
very diflerent at different places on the earth's surface, it is ne* 
eessary to calculate its peculiar aspects for each place separately, 
a oircumatance which makes the calculation of a solar eclipse 
much more complicated and tedious than of an eclipse of the 
moon. The moon, when she enters the shadow of the earth, is 
deprived of the light of the part immersed, and that part appears 
black alike to all places when the lOoon is above the horizon. 
But it is not so with a solar eclipse. We do not see this by the 
shadow cast en the earth, as we should do if we stood on the 
moon, but by the interposition of the moon between us and the 
sun ; and the sun may be hidden from one observer while he is 
in full view of another only a few miles distant. Thus, a small 
insulated cloud sailing in a clear sky, wQl, for a few moments, 
hide the sun from us, and from a certain space near us, while all 
the region around is illuminated. 

263. We have compared the motion o{ the moon's shadow over 
the surface of the earth to that of a cloud ; but its velocity is in- 
comparably greater. The mean motion of the moon around the 
earth ia about 33' pet hour ; bat 33' of the mooa's orbit is !i280 
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mites, and the abadow movea of coune at the SEUDe rate, or 2280 
miles per hour, traversing the entiie disk of the earth id less thaa 
four hours. This is the velocity of tfie shadow when it passes 
ptrpendaeularly over the earth ; when the direction of the axis 
of the shadow is obiiqae to the earth's surface the velocity is 
increased in proportion of radius to the sine of obliquity ; foi 
hsring a greater space to pass over in the same time, its velocity 
must of course be greater. When the conjunction takes place 
exactly at the node, the axis of the moon's shadow lies in the 
acUptic, and the shadow traverses the earth perpendicularly to its 
sur&ce ; but when the conjunction occurs on either side of the 
node, but within the solar ecliptic limits, the shadow lalls ob- 
liquely on the earth. The moon's shadow being a cone, the 
oblique section of it made by the earth, is an ellipse. 

Let as endeavor to form a just conception of the manner in 
which these three bodies, the sun, the ewth, and ^e moon, are 
situated with respect to each other at the time of a solar eclipse. 
First, suppose the conjunction to take place at the node. Then the 
straight line which connects the centers of the sun and the earth, 
also passes through the center of the moon, wid coincides with the 
axis of its shadow ; and, since the earth is bisected by the plane 
of the ecliptic, the shadow would traverse the earth in the direc- 
tion of the terrestrial ecliptic, fcom. west to east, passing over the 
middle regions of the earth. Here the dinmal motion of the earth 
being in the same direction with the shadow, but with a less 
Telocity, the shadow will appear to move with a speed equal only 
to the difference between the two. Secondly, suppose the moon 
is on the north side of the ecliptic at the time of conjunction, 
and moving towards her descending node, and that the conjunc- 
tion takes place just within the sotar ecliptic limit, say 16° from 
the node. The shadow will now not fall in the [dane of the 
ecliptic, but a little northward of it, so as just to graze the earth 
near the pole of the ecliptic. The nearer the conjunction comes 
to the node, the farther the shadow will fall from the pole of the 
ecliptic towards the equatorial regions. In certain cases, the 
shadow strikes heyond the pole of the earth ; and then its eas- 
terly motion being opposite to the diurnal motion of the places 
which it traverses, consequently its velocity is greatly increased, 
being equal to the sum of both. 
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261. After tbeae ganerat consideTStiiHM, ve will now examine 
more particularly the method of mvestigatiiig the elemeots of a 
aolar eclipse. 

The length of the moon's ahadmB, is the first object of inqairy. 
The moon as well as the eaub, ia at different distancea from the 
atin at different times, and hence the length of her shadow raries, 
being idways greatest when die is &rthest from the sun. Also, 
since her distance from the earth varies, the section of the moon's 
shadow made by the earth, is greater in proportion as the moon 
is nearer the earth. The greatest eclipses of the sun, therefore, 
happen when the son ia in apogee,* and the moon in perigee. 

265. When the moon u at her mean distance from the earth, 
andfivm the sun, her shadow nearly reaches the earth's surface. 

Let S (Fig. 55,) represent the sun, D the moon, and T the 
earth. Then, the semi-angle of the cone of the moon's thadow, 
DKR, will, as m the case of the earth, (Art. 247,) equal SDR- 
DRK, ot which SDR is the sun's apparent semi-diameter, as 
seen irom the moon, and DRK, is the sun's horizontal parallax 
at the mooa Since, ou account of the gre^ distance of tha 




sun, compared with that of the moon, the semi-diameter of the 
sun as seen from the moon, must evidently be very nearly the 
same as when seen from the earth, and since on account of the 
minuteness of the moon's semi-diameter when seen from the sun, 
the sun's horizontal parallax at the moon must be very Small, we 
might, without much error, take the sun's apparent semi-diameter 
from the earth, as equal to the semi-angle of the cone of the 
moon's shadow ; but, for the sake of greater accuracy, let ua 
estimate the value of the sun's semi-diameter anil horizontal par- 
allax at the moon. 

■ The Mtn w «*iii to b« ia apogve, when th« auth U Jn ipbelioo. 
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Now, SDR:ST&::ST:SD*::400:399,- hence SDR 
400 
kqaq STR=1.002S STR; and the sun's mean semi-diametei 

STR being 16.026, hence SDR^l.0026 X 16.026=16.065= 
16' 3". 9. 

Affao, since panJlax is inrersely as the distance, the sun's h(a- 
izontal parallax at the moon, is on aocouui of bei being nearer 
the Bun ,i, greater than at the earth; but on account of her 
inferior size it is jf^) lees than at the earth. Hence, increasing 
the son's h<»rizoDtal parallax at the earth by the fonner fractuK), 

400 2160 
and diminishing it by the latter, we have oqq x-gjo x9"=2".5= 

sun's horizoDtaJ paiallaz at the mooq. Therefore, the semi-angle 
of the cone of the moon's shadow, which, as ai^>ears above, 
equals SDR-DRK, equals 16' 3",9-2".6=16' 1".4, which so 
nearly eqttals the sun's apparent semi-diameter, as seen from the 
earth, that we may adopt the latter as the value of the semi-ai^le 
of the shadow. Hence, sm. 16' 1".6 : 1080(80): :Rad. : DK= 
031690. But the mean distance of the moon from the surface of 
the earth is 238645-3956=234589, which exceeds a little the 
mean length of the shadow as above. 

Bat when the moon is nearest the earth her distance from the 
center of the earth is only 221148 miles ; and when the earth is 
farthest from the sun, the sun's apparent semi-diameter is only 
16' 45".5. By employing this number in the foregoing estimate, 
we sfafdl find the length of the ^ladow 235630. miles; and 
835630 - 221 148 = 14482, the distance which the moon's shadow 
may reach beyond the center of the earth. 

266. The diameter of the moon's shadow where it traverses 
the earth, is, at its maximum, about 170 nu'/es-t 

Id the triangle cTK, the angle at K = 16' 45".6 (Art. 266,) the 
side Te=3966, and TK= 14482. 
__^ c _^_ 

* The ippBreni magnitude of Ml object being rwiprocallf ai iti distance l^om 
Ibe s;e. Bee Kau^, p. 85. 

t Ttaii luppMei tbe conjunction to tike plaoe at the node, and the ehadow to 
ftrike the sailh perpendicularly to iti intface ; where it stiikea it obliqnel;, the 
•ection may be greater than tlii*. 
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Or, 3966 : 14482: ;na. 16' iS-^B i sin. 57' 41".S. 

And 57' il/'S+l? 46."5=lo l^ 2r"-dTc, on the arc Je. 

And 2de=2P 26' 54"=-eit. 

Hence 360 : 2.46 (=2°26'64")::24S99» : 170(nearly> 

267. 77ie greatest portion of the earth's swfaee ener covered 
by ike moon's jKnumbra, is about 4393 miles. 

The semi-aDgle cf the penombra BID=:BSD+SBR, of which 
BSD the sun's horizootal panQax at the moon=2".S, and SW, 
the son's apparent 8emi-diani^er=El6' 3".9, and hence BID is 
known. The moon's apparent semi-diameter BGD=16' 4€".fi. 
Therefore GDT is known, as likewise DT and TG. Hence 
the angle QTd taaj be found, and the arc dG and its double 
GH, which equals the angular breadth of the penumbra. It 
may be ctmrerted into miles by staling a proportion as in article 
266. On making the calculatioa it will be found to be 4393 
miles. 

268. The a.ppateat diameter of the moon is sometimes laiger 
than that of the sua, sometimes smaller, and sometimes exactly 
equal to it. Suppose an observer placed on the right line which 
joins the centers of the son and moon ; if the appaieut diameter 
of the moon is greater than that of the sun, the eclipse will be 
total. If Uie two diameters are equal, the moon's shadow just 
reaches the earth, and the sun is bidden but for a moment from 
the view of spectatora situated in the line which the vertex of 
the shadow describes cm the surface of the earth. But if, as hap- 
pens when the moon comes to her conjunctioa in that part of her 
orbit which is towards her apt^ee, the moon's diameter is less 
than the sun's, then the observer will see a ring of the sun en- 
circle the moon, constituting an Anmilar EcUpae. 

269. Eclipses of the sun are modified by the elevation of the 
moon above the horizon, ^nce its apparent diameter is augmented 
as its altitude is increased, (Art. 217.) This effect, combined 
with that of parallax, may so increase or diminish the apparent 
distance between the centers of the son and moon, that from this 

* Tlia equtloriftl circumrereilea. 
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eause alone, of two obeerrets at a distance ftom each other, one 
mi^t see an eclipse which was not visible to the other.* If 
the horizontal diuneter of the Dux)g diSexs but little ftom the 
apparent diameter of the sun, the case might occur where the 
eclipse would be «ni)ulaT over the places where it was observed 
tnoming and evening, but total where it was observed at 'mid- 
d.y. 

The earth in its diurnal revolution and the moon's shadow 
both move from west to east, but the shadow moves faster than 
the earth ; hence the moon ovwlakes the sim on its western limb 
nod crosses it from west to east The excess of the apparent di- 
ameter of the moon above that df the sun in a total eclipse is so 
nnall, that total darkness seldom continues losger than four min- 
utes, and can never continue so long as eight minutes. An an- 
nular eclipse may htst 12m. 24s. 

Since the sun's ecliptic limits are more than 17° and the moon's 
less than 12P, eclipses of the sun are more frequent than those of 
the moon. Yet lunar eclipses being visible to every part of the 
terrestrial hemisphere opposite to the sun, while those of the sun 
are visiUe only to the small portion of the hemisphers on which 
the moon's shadow falls, it ha[^ns that for any particutar place 
on the earth, lunar eclipses are more frequently visible than solar. 
In any year, the number of eclipses of both lumiaahes cannot be 
less than two nor more than seven : the most usual number is 
four, and it is very rare to have more than six. ' A total eclipse 
a( the moon frequently haf^ns at the next full moon after an 
eclipse of the sun. For sioce, in an eclipse of the sun, the sun 
is at or near one of the moon's nodes, the earth's shadow must 
be at or near the other node, and may not have passed so far from 
the node as the lunar ecliptic limits, before the moon overtakes it. 

270. It has been observed already, that were the spectator on 
the moon instead of on the earth, he would see the earth eclipsed 
by the moon, and the calculation of the ecUpse would be very 
similar to that of a lunar eclipse ; but to an observer on the earth 
the eclipse does not of course begin when the earth first enters 
the moon's shadow, and it is necessary to determine not only 
• BiM, Am. Phjt. p. 401. 
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■what pcntioD of the earth's surface wHI be covered by the moon's 
shadow, but likewise the path described by its center relattre to 
various places on the sar&ce of the earth. This is known when 
the latitude and longitude of the center of the shadow on the 
earth, is determined for each instant. The latitude and longt- 
tnde of the moon are found on the saiipoeition that the spec- 
tator views it from the center of the earth, whereas his posi- 
tioa on the suriaoe changes, in consequence of parallax, both the 
latitude and longitude, and tho atnount of these changes must be 
accurately estimated, before the aji^ieaianca of the eclipse at any 
particular place can be folly detonnined: 

The details c^ the method of calcniating a solar eclipse cannot 
be understood in any way so well, as by actually performing the 
process according to a given example. Such details therefore are 
reserved for a subsequent port of this work. 

271. In total eclipses of the sun, there has sometimes been ob< 
served a remuicable radiance of light from the margin of the sun. 
This has been ascribed to an illumination of the solar atmosphere, 
but it is with more probability owing to the zodiacal light (Ait. 
162,) which at that time is [oojected around the sun, and which 
is of such dimensions as to extend iar beyond the solar orb.* 

A total eclipae of the ann is one of the most sublime simI jm- 
furessive phenomena of nature. Among harbaroi^ nations it is ever 
contemplaled with fear and astonishment, while amcMig cultivated 
nations it is recognized, from the exactness with which the lime 
of occiirrence and the varioua appearances answer to the jwedic- 
tion, as affording one of the proudest triumphs of astronomy. By 
astronomers themselves it is of conise viewed with the h^h^st 
interest, not only as Terifjring their calculatioits, but as contribur 
ting to establi^ beyond all doubt the certainty of those grand 
laws, the truth of which is involved in the resuh. During the 
eclipse of June, 1806, which was one of the most remailcable on 
record, the time of total darkness, as seen by the author of this 
work, was about mid-day. The sky was entirely cloudless, hot 

* Bee an excellent deacripiina end driiiMation aT tbia >ppeu«ace u it wu ax- 
hlbited in ibn eclipse of 1606, id Uie Tranuotioaa of tbe AHmoj LtMittile, bf the 
late CtiuuellDr De Witt. 
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as the psriod of total obacnratioD i^iproached, a gloom pervaded 
all nature. Wheo the sun was wholly lost aight of, planets and 
Stan came into view ,' a fearful pall hong uptm the sky, unlike 
both to night atkd ^ twilight ; and, the temperature of the air 
r^xdly deditung, a sudden chill came over the earth. Even the 
animal tribes exhibited tokens of fear and agitation. 

From 1831 to 1838 was a period remarkable for great eclipses 
of the snn, iu which time tjiere were no leas than five of the most 
remarkaWe character. The next total eclipse of the sun, visibte 
in the United States, will occur on the 7th of August, 1869. 



CHAPTER Till. 



Z7% As ecUpsea of the son afford one of the moat approved 
methods of finding the longitades of places, our attention is nat- 
urally turned next towards that subject. 

The ancients studied astronomy in otder that they might read 
their destlDies in the stua : the modems, that they may securely 
navigate the ocean. A large portion, of tbe refined tabors <^ 
modem astronomy, has been directed towards perfecting tbe as* 
trcHiomical tables with the view of finding the longitude at seam- 
an object manifestly worthy of tbe highest efliarts of science, 
considering the vast amount of property and of human life in- 
Tolved in navigation. 

273. The difference of longitude Tt^ween hoo places, may be 
found by any method by wkkk we can ascertain the difference of 
their local timea, at the same instant of absoluta time. 

As the earth turns on its axis from west to east, any place that 
lies eastward of another will come sooner under the sun, or will 
have the uin earlier on the meridian, and consequently, in reqwct 
to tbe hour of the day, will be in advance of the other at the 
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rate of one hour for every 16°, or font mimites of time (at each 
degree. Thiw, to a place 16° east of Greenwich, it is 1 o'clock, 
P. M. when it is noon at Greenwich ; and to a jdace 16° west at 
that metidian, it is 11 o'clock, A. M. at the same instant. Hence, 
the difference of time at any two places, indicates their difference 
of longitude. 

S74. The easiest method of finding the longitude is by means 
of an accurate lime piece, or chronometer. Let us set out from 
I^ondon with a chronometer accurately adjusted to Greenwich 
time, and travel eastward to a certain place, where the thne is 
accurately kept, or may be ascertained by observation. We find, 
for example, that it is 1 o'clock by our chronometa, when it is 
2 o'clock and 30 minutes at the place of observation. Hence, 
the longitude is 16x I.5'=22J° E. Had we travelled westward 
until our chronometer was an boiir and a hdf in advance of the 
time at the place of observation, (that is, so much later in the 
day,) our longitude would have be^ 22j° W. ^t it would not 
be necessary to repair to London in order to set our chronometer 
to Greenwich time. This might be done at any observatoty, or 
any place whose longitude had been accurately determined. For 
example, the time at New York is 4h. 66m. 4*.6 behind that of 
Greenwich. If, therefore, we set our chronometer so much be- 
fore the true time at New York, it will indicate the tinie-at Green- 
wich. Moreover, on arriving at different places, any where on 
the earth, whose longitude is accurately known, we may learn 
whether our chronometer keeps accurate time or not, and if not, 
the amount of its error. Chronometers have been constructed of 
such an astonishing degree of accuracy, as to deviate but a few 
seconds in a voyage from London to Baffin's Bay and back, during 
an absence of several years. But chronometers which are suffi- 
ciently accurate to be depended on for long voyages, are too ezpen- 
aive ion general use, and the means of verifying their accuracy are 
not sufficiently easy. Moreover, chronometers, by being trans- 
pCHted from one place to another, change their daily rate, or de- 
part from that mean rate' which they p-eserve at a fixed station. 
A chronometer, therefore, caimot be relied on for determining the 
longitudes of places where the greatest d^ree of accuracy is rfr< 
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qured, espedally where the iDstrument is eoBTeyed over land, 
although the imcertaiiity attendtiat oa one iDstrumeot may be 
nearly obviated by employing Bevflral aad taking theii mean 
results.* 

275. Eclipses of the sun and moon aie sometimes used for de- 
_ termining the longitude. The exact instant of immersion or of 
emersion, or aoy other definite moment of the eclipse which pre- 
sents itself to two distant observers, affords the means of com- 
paring their difference of time, and hence of determining tlieir 
difference of longitude. Since the entrance of the moon into 
the earth's shadow, in a lunar eclipse, is seen at the same instant 
of absolute lime at all places where the ecUpae is visible, (Art. 
262,) this observation would be a very suitable one for finding 
the longitude were it not that, on account of the increasing dark- 
pess of the penumbra near the boundaries of the shadow, it is 
difficult to detemiine the {H'ecise instant when the moon enters 
the shadow. By taking observations on the immersions of known 
spots on the lunar disk, a mean result may be obtained which 
wilt give the longitude with tolerable accuracy. In an eclipse of 
the sun, the instants of immersion and emersion may be observed 
with greater accuracy, although, since these do not take place at 
the some instant of absolute time, the calculation of the longitude 
firom observations on a solar eclipse are complicated and labocioos. 

A method very similar to the foregoing, by observations oa 
eclipses of Jupiter's satellites, and on occultalions of stars, will 
be mentioned hereafter. 

. 276. 7%e Lunar m^kod of finding the longitude, at sea, is in 
many respects preferable to every other.- It consists in measuring 
(with a sextant) the angular dlstaoce between the moon and the 
sun, or between the moon and astar, and then turning to the Nao 
tical Almanac,t and finding what time it was at Greenwich when 

■ Woodhouw, p. 838. 

t Tbe }faaitital Alvumae, i> ■ book pabluhed Hnnaatlj by tbe Briliih Botrd of 
Longilude, contuniag varloua tablci ind utronoiaical infbnnotion for the um of 
DtTlgaton. Tbe AyntrUan Almanac ilxi contoina a rarjetf of utrooomioal iofbr- 
ni«tioa, peculiarly iniereiling lo tba people of ihejSniied States, in conneiioa 
with a vul ■mount of ilauMical matlw. It it w«tl jakHviagapUceialhe libraij 
of iba ttudanl. 
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that distance vaa the same. The moon nH>veB so t^dljr, that 
this distance will not be tbe same except at very oeariy the Bame 
instant of absolute time. For exara^^, at 9 o'clock, A. M., at a 
certain place, we find the angular distance of the mooo and die 
snn to be 7Z° ; aod, on looking into the Nautical Almanac, we 
find that at the time when this distance was the same for the 
meridian of Greenwich was I o'clock, P. M. ; hence we infer 
that the longitude of the place is four hours, or 60° west 

The Nautic^ Almanac contains the true angular distance of 
of die moon from the sun, from the four lai^ planets, (Venus, 
Mars, Jupiter, aod Satum,) and from nine bright fixed stars, for 
the beginning of every third hour of mean time for the meridiaa 
of Greenwich ; and the mean time cotrespcotding to any inter- 
mediate hour, may be found by p^portiooal parts.* 

277. It would be a v&ry simple operation to determine the lon- 
gitude by Lunar IMstances, if the process as described in the 
{M^ceding article were all that is necessary; but the various cir- 
cumstances of parallax, refraction, and dip of the horizon, would 
differ more or less at the two places, even were the bodies whose 
distances were taken in view from both, which is not necessarily 
the case. The observations, therefore, at each meridian, require 
to be reduced to the center of the earth; being cleared of the 
effects of parallax and reaction. Hence, three observers are 
necessary in order to take a lunar distance in the most exact 
manner, viz. two to measure the altitudes of the two bodies re- 
spectively, at the same time that the third takes the angular dis- 
tance between them. The altitudes of the two luminaHes at 
the time of obsavatian must be known, in order to estimate the 
effects of parallax and rofcaction. 

278. Although the lunar method of finding the longitude at 
sea has many advantages over the other methods in use, yet it 
has also its disadvantages. One is, the great exactness requisite 
in observing the distance of the moon from the sun or star, as a 
small error in the distance makes a considerable error in the lon- 
gitude. The moon moves at the rate of about a degree in two 

* 8m Bovrdiloh'B Navigtior, Tealh Ed. p, 896. 
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hams, or tme mmnte of space in two miDutes of timp. There- 
fwe, if we make an enot of one minute in obaeiving th* distance, 
-ve make an error of two tninntes in time, or 30 milee of longi- 
tude aX the equator. A single observation with the best sextaats, 
may be liable to an error of more than half a minute ; but the 
accumcy of the result may bo much increased by a mean of 
several observations taken to the east and west of the moon. 
The imperfection of lunar tables was until recently considered as 
an objection to this method. Until within a few years, the best 
lunar tables were frequently erroneous to the amount of one min- 
ute, occasioiuDg an error of 30 miles. The error of the best 
tables now in ose wHl rarely exceed 7 or 8 seconds.* 



379. The tides are an altetnate rising and falling of the waters 
of the ocean, at r^nlar intervals. They have a maximum and 
a mipimHm twice a day, twice a month, and twice a year. Of 
the daily tide, the maximum is called High tide, and the mini' 
mum Low tide. The maTimum for the month is called Spring 
tide, and the minimnm Neeqi tide. The rising of the tide is 
called Flood and its falling jEbb tide. 

Similar tides, whether high or low, occur on opposite sides of 
the earth at once. Thus at the same time it is high tide at any 
given place, it is also high tide on the inferior meridian, and the 
same is true of the low tides. 

The interval between two BUccessive high tides is 12b. 25m. ; 
or, if the same tide be considered as returning to the meridian, 
aAer having gone around the globe, its return is about 60 minutes 
later than it occurred on the preceding day. In this respect, as 
well as in various others, it conre^nds very neariy to the motioaa 
of the moon. 

The average height for the whole globe is aboot 2} feet ; or, 
if the earth were covered uruformly with a stratum of wat^, the 
difletence between the t^o diameters of the oval would be 6 feet, 
or more exactly 6 feet and 6 inches ; but its natural height at 
various places is very various, sometimes rising to 60 or 70 feet, 

* BriBUej*! Eltqwnti of AatroMBj, p. HI. 
21 
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alii sometimes being BCBicelyperceptiblfl. At the same [dace also, 
the phenomena of the tides are very different at diffetent times. 

Inland lakes and seas, even those of the lai^est class, as Lake 
Superior, or the Caspian, hare no perceptible tide, 

280. T^ides are tnusad 6y the unequal attraction of the Jtm 
and moon upon different porta of the earth. 

Suppose the projectile force by which the earth is canied {ot- 
ward in her orbit, to be suspended, and the earth to iall towards 
one of these bodies, the moon, for ezam[de, in consequence of 
tbeir mutual attraction. Then, if all parts of the earth fell 
equally towards the moon, no derangement of its differeut ports 
would result, any more than of the perttcles of a drop of water 
ill its descent to the ground. But if one part fell faster than an- 
other, the different portioDs would evidently be separated from 
each other. Now th^ is precisely what takes place with respect 
to the earth in its &11 towards the moon. I^e portions of the 
earUi in the hemisphere next to the moon, on accouAt of beir^ 
nearer to the center of attraction, fall faster than those in the op- 
posite hemis{^ere, and consequently leave them behind. The 
BoUd earth, on account of its cohesion, cannot obey this impulse, 
since all its different portions constitute one mass, which is acted 
on in the same maimer as though it were all collected in the cen- 
ter ; but the waters on the sur&ce, moving freely under this im- 
pulse, endeavor to desert the solid mass and fall towards the 
moon. For a similar reason the waters in the opposite hemisi^re 
fiiUing less towards the moon than the solid earth are left behind, 
or appear to rise from the center of the earth. 

281. Let DEFO (Fig. 56,) tep»- Tig. 56. 
aeaxt the globe ; and, for the sake of 
illustrating the [nnciple, we wiU sui>- 
pose the waters entirely to cover the 
globe at a uniform depth. Let de/g 
represent the solid globe, and the cir- 
cular ring exterior to it, the covering 
of waters. Let C be the center of 
gravity of the solid mass, A that of the 
hemisphere next to the moon, and B 
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that of the lemotet faemi^here. Now the ibrce of attraction 
exerted by the moon, acts in the same manner as thoi^h the solid 
mass were all coQceutiated in G, and the waters of each hemis- 
phere at A and B respectively ; and (the moon being sappoaed 
above E) it is evident that A will tend to leave C, and C to leave 
B behind. The same must evidently be true of the respective 
portions of matter, of which these points are the centers of gravity. 
The waters of the globe will thus be reduced to an oval diape, 
being elongated in the diiection of that meridian which is under 
the moon, and flaUened in the intermediate parts, and most of all 
ai points ninety d^iees distant from that meridian. 

Were it not, therefore, for impediments which prevent the force 
from [voducing its full effects, we might expect to see the great 
tide wave, as the elevated crest is called, always directly beneaUi 
the moon, attending it regularly around the globe. But the in- 
ertia of the waters prevents their instantly obeyii^ the moon's 
^traction, and the friction of the waters on the bottom of the 
ocean, still farther retards its egress. It is not therefore until 
several hours (differing at different places) after the moon has 
passed the meridian of a place, that it is high tide at that place. 

S62. The sun has a similar action to the moon, but only one 
third as great On account of the great mass of the sun com- 
pared with that of the moon, we might sni^ioee that his action 
in raising the tides would be greater than that of the moon j but 
the neamess of the moon to the earth more than compensates for 
the sun's greater quantity of matter. Let us, however, form a 
.just conception of the advantage which the moon derives from 
her [voximity. It is not that her actual amount of attraction is 
thus tendered greater than that of the sun ; but it is that her 
attraction for the different parts of the earth is very unequal, 
while that of the sun is nearly uniform. It is the ine^udity of 
this action, and not the absolute force, that produces the tides. 
The diameter of the earth is ^j of the distance of the mooD, 
while it is less than jviiv of the distance of the sun. 

283. Having now learned the general cause of the tides, we 
will next ^tend to the exjdanation of particular phenomena. 
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The Spring tidet, or those vhioh rite to an muisaal hnght 
twice a month, an produced by the ran and moon's acting to- 
gether ; and the lf«ap tidet, or those whic^ are unusoally lov 
twice a month, aie produced by the son and moon's acting in 
opposition to each other. The Spring tides occur at the syzigtes: 
the Neap tides at the qnadratores. At the time, of new nuxm, the 
sun and moon both being on the same mde of the earth, and 
acting upon it in the same line, their actions conspire, and the 
son may be oonsid«red as adding so much to the force of the 
moon. We have already ex{dained how the moon contributes to 
raise a tide on the oi^tosite side of the earth. But the sun as well 
as the moon raises its own tide-ware, which, at new moon, coin- 
eides with the lunar tide-wave. At full moon, also, die two 
luminaries conspire in the same way to raise the tide ; for we 
must recollect that each body contributes to raise the tide on the 
opposite side of the earth as well as on the rade nearest to it. At 
both the conjunctions and oppositions, therefore, that is, at Hxb 
syzigies, we have unusually high tides. But here also the maxi- 
mum effect is not at the moment of the syaigies, but 36 hoars 
aftowards. 

At the quadratures, the solar wave is lowest when the lunar 
ware is highest ; hence the low tide produced by the sun is sub- 
tracted from high water and {vo^ices the Neap tides. MiaeoTer, 
at the quadratures the solar ware is highest when the lunar ware 
is lowest, and hence is to be added to the height of low water at 
the time <^ Neap tides. Hence the difference between high and 
low water is only about half as great at Neap tide as at Spring tide. 

%8i. The power of the moon or of the sun to raise the tide is 
found by the doctrine of universal gravitation to be inversely om 
the cube of the distance* The variations of distance in the son 
are not great euoagh to influence the tides rery materially, but 
the rariations in the moon's distuicos hare a striking effect. 
The tides which ttftppen when the moon is in perigee, are con- 
siderably greater than when she is in apogee ; and if she happens 
to be in perigee eX the time of the syzigies, the Sjaing tide is un^ 
usually high. When this happens at the equinoxes, the highest 
tides of the year are produced. 

■ Li PUe*, Bjwt. do Honda, 1. it, c. i- 
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886. ThodecSttaiitm»o/tli£»un(mdmoiM\ave»coamdetB!b]o 
influence on the height of the tide. 'When the moon for exam- 
ple, has no declinatioD, « is in the eqnator, aa in figure 57,* the 
lotation of the earth oa iti axis MS viU make the two tides ex- 
actly equal chi every part of the earth. Thus a place which is 
earned through the parallel TT' will have the height of one tide 
T2 and the other tide T'3. The tides are in this case greatest 
at the equator, and dimioi^ gradually to the poles, where it will 
bei'low water <huing the whole day. When the moon is on the 
Dor^ side of the equator, as in figure 08, at bet greatest northern 
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declination, a placa describing the parallel TT' will have T'3 for 
the height of the tide when the moon is on the superior meridian, 
and T2 for the height when the moon is on the inferior meridian. 
Therefore, all places north of the equator will hove the highest 
tide when the moon is above the horizon, and the lowest when 
she is below it ; the difference of the tides diminishing towards 
the equator, where they are equal. In like manner, places south 
of the equator have the highest Udes when the moon is below 
the horizon, and the lowest when she is above it. When the 
moon is at her greatest declination, the highest tides will take 
place towards the' tropics. The circumstances are all reversed 
when the moon is south of the equator.f 

* DiagiUM like thsM ua apt to miileul tlie iMrnar, b; siliibiUiiK the proiu- 
beraUM occBNOned by the tidei u mucb grealer than Ibe realilj. We muM re- 
collect tbftl it unoDDti, at the highait, to oalj a verj few fbet in eight thMuaad 
bUIm. W«re t^ diagram, ikenfbra, dnm in ju«t pr^wrtioni, the altendima 
of igDTB produoed bj the l>d«a would be whoU; inMBtibla. 

t Edinb. Encjc. An. Attromomjf, p. 6X3. 
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286. Tbe motuMi of the dde^vare, it should be remariied, is 
not a progreamee motion, but a mers undulation, and is to be 
carefully distinguished fiom the canents to which it gives rise. 
If the ocean completely covered the earth, the sun and momi 
being in the equator, the tide-wave would travel at the same rate 
as the earth on its axis. Indeed, the correct way of conceiving 
of the tide-wave, is to consider the moon at rest, and the earth 
in ita totatioa fiom west to east as Ixinging soccenive portions <3i 
water under the moon, which portions beii^ elevated succesBivBly 
at the same rate as the earth revolves on its azlB, have a relative 
Dtotion westward in the same degree. 

287. Ths tides of tivera, narrow baa/s, and ahora far from 
the main body of the ocean, are not produced in those places by 
the direct action of the son and moon, but ate subordinUe waves 
propagated from the great tide-wave. 

Lines drawn through all the adjacent parts of any tract of water, 
which have high water at the same time, are called eoHdal Una.* 
We may, for instance, draw a line through all [daces in the At- 
kmtic Ocean which have high tide in a given day at 1 o'clock, 
and another through all places which have high tide at 2 o'clock. 
The cotidal line for any hour may be considered as re|xGsenting 
the summit or ridge of the tide-wave at that time ; and could 
the spectator, detached from the earth, perceive the summit of 
the wave, he would see it travelling round the earth in the open 
ocean once in twenty four hours, followed by another twelve 
hours distant, and both sending branches into rivers, bays, and 
other openings into the main land. These tatter are called De- 
rivative tides, while those raised direcdy by the action of the sun 
and moon, are called Primitive tides. 

288. The velocity with which the wave moves will depend 
on various circumstances, but principally on the depth, and {nvb- 
ably on the regularity of the channel. If the depth be nearly 
uniform, the cotidal lines will be nearly straight and parallel. 
But if some parts of the channel are deep while others are Lud- 
low, the Ude will be detained by the greater friction of the shal- 

* WlianaU, Phil. TnaHcUoo for 1333, p. 148. 
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low i^aces, and the eotichl lioes will be irregular. The directioa 

also of tho deriTatiT« tide, may be totally diflerent from that of 

the primitive. Thiu, (Fig. 69,) fig.59. 

if the great tide-ware, moving 

from east to west, be represeated 

by the lines 1, 2, 3, 4, Uie de- 

livative tide which is [Topagated ' 

up a rivet or bay, will be lepro- 

sented by the cotidal liQes 3, 4, 

S, 6, 7. Advancing faster ia the 

channel than next the banks, 

the tides will lag behind to- 

waidfl the shores, and the cotidal 

lines will take the form of cmves 

as represented in the diagram. 

289; Cto account of the retarding influence of shoals, and an 
tmeveo, indented ccMut, the tide-wave travels more slowly along 
the shores of an island than in the neighboring sea, assoming 
convex figures at a little distance from the island and on opposite 
sides of it These convex Unes sometimes meet and become 
blended in such a manner as to create singular anomalies in a sea 
much broken by islands, as well as on coasts indented with nu- 
merooB bays and rivers.* Peculiar i^enomena are alao produced, 
when the tide flows in at oppoate extremities of a reef or island, 
as into the two opposite ends of Long Island Sonnd. In certain 
cases a tide-wave is forced into a narrow arm of the sea, and 
{xoduces very remarkable tides. The tides of the Bay of Fundy 
(the highest in the wwld) sometimes rise to the height of 60 or 
70 feet ; and the tides of the river Severn, near Bristol in Eng- 
land, rise to the height of 40 feet 

290. The Umt of AUitudd of any place, is the hei^t of the 
mnximnm tide after the syzigies, (Art. 283,) being usually about 
36 hours after the new or full moon. But as the amount of this 
tide would be affected by the distance of the sun and moon from 

* Bm in BXMlIaiit nprcwatation umI daioriplion «f tbsM diffwut phiaeatat 
br PnftMor Wbsmll, Fbil. Tnuu. 1833, p. 163. 
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the earth, (Art 384,) and by thui decUntUkns, (Art. 285,) these 
distances are taken at their mesn valoe, and the lammariei are 
supposed to be in the egaator ; the observatkHu being so reducod 
as to conform to these circomstances. The onit of altitude can 
be ascertained by observation only. The actual rise of the tide 
depends much on the strength and directicm of the vind. When 
h^h winds coDSfHie with a high flood tide, as is fire^pently tbe 
case near the equinoxes, the tide oAen rises to a very unusoal 
height We subjoin from the American Almanac a few exam* 
pies of the unit of altitude for different places. 

FmC 
Cumberiand, head of the Bay of Fundy, 71 
BoetOQ, . . . 'Ill 

New Haven, .... 8 

New York, .... 6 

Charleston, S. C, . . .6 

291. The Establishment of any port is (he mean interval be- 
tween noon and the time of high water, on the day of new or 
fiill moon. As the interval for any given place is always nearly 
the same, it becomes a criterion of the retardation of the tides at 
that place. On account of the importance to navigation of a cor* 
rect knowledge of the tides, the British Board of Admiralty, at 
the su^esticn of the Royal Society, recently issued orders to 
their agents in various important naval stiitions, to have accurate 
observations made on the tides, with the view of ascertaining the 
establishment and various other particulars respecting each sta- 
tion f and the government of the United States is prosecuting 
amilar investigations respecting our own ports. 

292. Accordii^ to Professor Whewell,t the tides on the coast 
of North America ere derived from the great tide-wave of the 
South Atlantic, which mas steadily northward along the coast to 
the mouth of the Bay of Fundy, where it meets the northern 
Ude-wave flowing in the opposite direction. Hence he accounts 
fot the high tides of the Bay of Fundy. 

■ LublMM^, BopOTt on tiM TidM, 1833. f PhH. Tnni. 1633, p. ITS. 
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!293. The latest lakei and inland seas have no perceptible 
tides. This is asserted by all writers respecting the Caspian and 
Suxine, and the same is found to be true of the largest of the 
North American lakes, Lake Saperior.* 

Although these seveial tracts of water appear large when taken 
by themselves, yet they occupy but small portions of the surface 
of the globe, as wiU appear evident from the delineation of them 
on an artificial globe. Now we must recollect that the primitive 
tides are {voduced by the unequai action of the sun and moon 
upon the different parts of the earth ; and that it is only at points 
whose distance from each oUier bears a considerable ratio to the 
whole distance of the sun or the moon, that the inequality of ac- 
tion becomes manifest. The space required is larger than either 
of these tracts of water. It is obvious also that they have no 
o[^rtunity to be subject to a derivative tide. 

294 To triply the theory of universal gravitation to all the 
varying circumstances that influence the tides, becomes a matter 
of such intricacy, that La Place pronounces " the problem of the 
tides" the most difficult problem of celestial mechanics. 

295. The Atmosphere that envelops the earth, must evidently 
be subject to the action of the, same forces as the covering of 
waters, and hence we might expect a rise and &11 of the barome- 
ter, tndicatuig ah atmospheric tide corresponding to the tide of iba 
ocean. La I^ace has calculated the amount of this aerial tide. 
It is too inoonnderablB to be detected by changes in the bvome- 
ter, unless by the most refined observations. Hence it is conclu- 
ded, that the fluctuations [voduced by this cause are too shght to 
affect meteorological |Aenomena in any iqipreciable degree.t 

■ See ExparimMili of Gov. CaM, Am. Joui. BeieiK«. 
t Bonditcii'iLal^aca, n, 797. 
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CHAPTER IX. 

or THE FLAinETS — THE {NTSaiOR PLAHETS, HXBCCBT AHB TZHUfc 

296. Thx name plsnet signifies a wanderer,* and is implied to 
this class of bodies because they shift their positions in the hear> 
ess, wheieaa the fixed stars constantly maintain the same places 
with respect to each other. The planets known from a high aii- 
tiquity, are Mercury, Tenus, Earth, Man, Jupiter, and Saturn. 
To these, in 1781, was added Uranus,f (or ^crscAs^ as it is some* 
times called from the name of its discoveier,) and, as late as tha 
commencement of the present century, four more were added, 
namely, Ceres, Pallas, Juno, and Testa. These bodies are desig- 
nated by the following characters : 



1. Mercury 


9 


7. Cens 


2. Tenna 


9 


a PsIlM 


3. Eaith 


e 


9. Jupiter 


4 Mais 


« 


10. Saturn 


ft Testa 


s 


11. Unmua 


6. Judo 


5 





The foregoing are called the primary planets. Several of these 
bare one or more attendants, or aateUites, which revolra around 
them, as they revolve around the sun. The earth haa one satd- 
lite, namely, the moon ; JujHter has four ; Saturn, seven ; and 
Uranus, six. These bodies also are planets, but in distinction 
ttom the others they are called geamdary planets. Hence, the 
whole number of [danets aie 39, viz. 11 primary, and 18 secoiH 
dary planets. 

297. With the eixeptioD of the four new planets, these bodies 
have their orbits very nearly in the same plane, and are never 
seen far from the ecliptic. Mercury, whose orbit is most inclined 
of all, never departs farther from the ecliptic than about 7°, while 

• From tbe Gi«ek, tHatnir^f * f'*'» Ovfanot- 
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most (tf the oAer [ianeta puisos very neaAy the same path vith 
the earth, in their aonoal revolutioa around the sun. The neV 
[danets, boweTer, make wider excursions from the plane of the 
ecliptic, amounting, in the case of Pallas, to 34^°. 

298. Uerenry and Tenus are called inferior planets, because 
they hare their orbits noarer to the .sun than that of the earth ; 
while ell the othets, being more distant from the snn than tiia 
earth, are called ivperwr planets. The [Janets present great di- 
venities among themselTes in respect to distance from tbo son, 
magnitude, time of rerolutioD, and density. They difi^ also in 
regard to sstellitas, of which, ai we hare seen, three have respee- 
tirely faai, six, and seven, while more than half hare none at 
all. It will aid the memory, and render our riew of the jdane- 
tary systein mote clear and comtnrehenMTe, if we classify, as frir 
as possible, the rarious particulars comfvehended under the foi&< 
going heads. 

299. DISTASCXI rBOM THE SUM.* • 

0.3870961 
0.7233316 
1.0000000 
1.6236923 
2.3678700 
2.6690090 
2.7672460 
2.7728860 
6.2027760 
9.6387861 
19.1823900 

The dimenaions of ^e planetary system are seen from this 
table to be vaM, comioehending a circular iqiece thirty six hundred 
millions d miles in diameter. A railway car, tiareUing constantly 

* TIm diMKWS in Bulai, M ezpcMwd in tliB Ant colamn, in round aumben, ii 
10 b« tiMwiied up in Ihs maaioiy, whils the Mcond ooliunn sipreMei the relative 
iiHaaeta, tbit of tha urth b«ia( 1, from which ■ mon exact determiiiBtion maj 
b* made, when i«qiiirad,thaMrth'>dul*ae*b«iagtikwUM,68&^91. (Baily.) 



^,uoyiL- 



1- Metcury, 


37,000,000 


2. Tenns, 


68,000,000 


3. Earth, 


95,000,000 


4.1b., 


142,000,000 


9. TcMa, 


225,000,000 


6. JODO, 


) 


r. Oeie^ 


; 261,000,000 


a Fallaa, 


> 


ft Jopiler, 


485,000,000 


10. Saturn, 


89O,000,.00O 


LL Draniis, 


1800,000,000 
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at the rate of 20 miles an honr, would leqmn more dian 20,000 
years to cross the orhit of Unmus. 

It may aid the memory to remark, that in regard to the planets 
nearest the sun, the distances increase in an arithmetical ratio, 
while those most remote increase in a geometrical ratio. Thos, 
if we add 30 to the distance of Blercury, it gives us nearly that 
of Venus ; 30 more gives that of the Earth ; while Satom is 
nearly twice the distance of Jujater, and Uranus twice the dis- 
tance of Saturn. Between the orbits of Mars and Jupit», a great 
chasm appeared, which broke the continuity of the series ; but 
the discovery of the new planets has filled the void. A mine 
exact law of the series was discovered a few years since by ISx. 
Bode of Berlin. It is as follows : if we represent the distance <^ 
Mercury by 4, and increase each term by the [soduct of 3 into a 
certain power of 2, we abaii obtain the distances of each of the 
[tenets in succesaon. Thus, 

Mercury, 

Venus, 

Earth, 

Mars, 

Ceres, 

Jufxter, 

Saturn, 

Uranus, 

For example, by this law, the distances of die Earth and Ju{Hter 
are to each other as 10 to 62. Their actual distances as given in 
the table (Art 299,) are as 1 to 6.f202776 ; but 1 : 5.202776: : 
10 : 62 nearly. 

The mean distances of the planets from the sun, may alao be 
determined by means of Kepler's law, that the squares of the 
periodical times are as the cubes of the distances, (Art 192.) 
Thus the earth's distance being previously ascertained by means 
of the sun's horizontal parallax, (Art. 87,) and the period of any 
other planet, as Jupiter, being learned from observation, we say 
as 366.266' : 4332.585«»::1" ; 6.202'. But 6.202 is the num- 
ber, which, according to the table (Art 299,) expresses the dis- 
tance of Jupiter from the sun. 

■ Tbi* ii the nomlMr of d«ji in i>n« ravolutiou of Jupiter. 
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= 4 


4+3.2' 


= 7 


4+3.2' 


= 10 


4+3.2- 


= 16 


4+3.2' 


=< 28 


4+3.2' 


= 62 


4+3.2' 


= 100 


4+3.3' 


=196 
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DtuLlaWlH. 


MMUifVinu 


DfUL V<4D1 


Mercury, 


. . 3140 


6".9 


tS 


Venua, . 


7700 


16".9 


A 


^■. 


7912 




1 


4200 


6".3 


t 


CetM, . 


. . 160 


0».5 




Jupitei, . 


. 89000 


36".7 


1281 


Saturn, . 


. . 79000 


16".2 


995 


UraniM, . 


. 36000 


4".0 


80 



We remark here a great diversity in regard to magnitude, a 
diversity which does not appear to be subject to any definite 
law. While Tenus, an inferior [danet, is y\ as large as the earth, 
Mars, a superior planet is only |, while Jupiter is I2SI times as 
lai^e. Although several of the planets, when nearest to us, ap- 
pear billliant and large when compared with the fixed stars, yet 
the angle which they subtend is very small, that of Tanus, the 
greatest of all, never exceeding about 1', or more exactly QV'.Z, 
tad that of Jupiter being when greatest only about | of a minute. 

The distance of one of the near planets, as Venus or Mars, may 
be determined from its parallax ; and the distance being known, 
its real diameter can be estimated from its apparent diameter, in 
the same maxaaa as we estinuite the diameter of the sun. (Art. 
145.) 





301. FXBIODIC TDBS. 








IHortlL 


lt«nd.llrinMI«.. 


, Hercnry, 


3 months 


or 88 days. 


4° 5'32".6 


Tenus, 


7i " 


" 224 " 


1»36' 7".8 


Eanh, 


lyMir, 


« 365 " 


0°69' 8".3 


IbiB, 


2 " 


" 687 « 


0° 31' 26".7 


Ceres, 


4 « 


" 1681 " 


0° 12' 60".9 


Jupiter, 


12 " 


" 4332 " 


0° 4'69".3 


Saturn, 


29 " 


" 10769 « 


0° > 0".6 


UianuB, 


84 " 


" 30686 " 


0° 0'4a".4 



From this view, it appears that the planets nearest the sun 
move most rajadly. Thua Mercury performs nearly 360 revolu- 
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tions while Uianas performa one. This is evidently not owii^ 
merely to the greater dimensionB of the orbit of Uranui, for the 
length of its oibit is not 50 times that of the orbit of Mercury, 
while the time employed in describing it ia 350 times that of 
Mercury. Indeed ibis ought to follow fiom Kepier's lav that 
the sq^oares of the periodical times are as the cubes of the dis- 
tances, from which it is manifest that the times of reroIntuHH 
increase faster than the dimensions of the orbit. Accordingly, 
the apparent progress of the most distant [Janets ia exceedingly 
slow, the daily rate of Uranus being only 4S,"A per day ; so that 
for weeks and months, and even years, this [danet but sUghtly 
chaises its place among the stars. 

THE iNf zuoB r];.&iixTa, ucscoKr ard txhus. 

302. The inferior planets. Mercury and Tenus, having their or- 
bits BO far within that of the earth, appear to us as attendants upon 
the suiL Mercury never aj^)ear8 &rthei from the sun than 29° 
(28° 48') and seldom so &a ; and Venus never more than about 
47° (47° 12'). Both {daoets, therefore, ^pear either in the west 
soon aAer sunset, or in the east a Uttle before sunrise. In high 
latitudes, where the twilight is prolonged. Mercury can seldom 
be seen with the naked eye, and then only at the periods of its 
greatest elongation.* The reason of this will readily aj^ieu 
from the following diagram. 

Let S (Fig. 60,) reiKesent the sun, ADB the orbit of Mercury, 
and E the place of tbs Earth. Each of the planets is seen at its 
greatest elongation, when a line, EA or EB in the figure, is a 
tangent to its orbit. Then the sun being at S' in the heavena, 
the planet wiU be seen at A' and B', when at its greatest elonga- 
tions, and will a|>pear no further from the sun tlran the arc S'A' 
or S'B' reflectively. 

303. A planet is said to be in conjunction with the smi, when 
it is seen in the same port of the heavens with the sun, or when 
it has the same longitude. Mercury and Tenus have each two 

* Copeniciu it laid to hive lunented an hit dMth-bed tbat he had never been 
■bla to obtaia \ n^t of Mbmiuj, and Delunbra mw U bat mice. 
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conjunctions, the inferior, and the superior. The inferior con- 
junction is its position when in conjunction on the same side of 
the sun with the earth, as at C in the figure : the superior oon- 
junction is its position when on the side of the sun most distant 
from Ae earth, as at D. 

304 The period occupied by a ]janet between two successire 
conjoQCtioDs with the earth, is called its aynodical reooUOioa. 
Both the idanet and the earth being in motion, the time of the 
synodical revolution exceeds that of the sidereal revolution of 
Mercury or Tenus ; for when the planet come« round to the place 
irhere it befi»e overtook the earth, it does not find the earth at 
that -point, bat far in advance of it. Thus, let Mercury come 
into inferior coi^unction with the earth at C, (Fig. 60.) In about 
88 days, the [danet will come round to the same point again ; 
but meanwhile the earth has moved forward through the arc 'EBf, 
and will continue to move while the planet is moving more n^ 
idly to overtake her, the case being analogous to that of the 
hour and second hand of a clock. 

Having the Bidereal period of a planet, (which may alwaya be 
accurately determined by obserration,) we may ascertain its 3ff- 
nodical period as foUowa. Let T denote the sidereal peciod of 
the earth, and T' that of the planet. Since, in the time T the 
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TV 

earth describes a complete revolution, T J T': ; 1 : sr = the part 

of the circumference described by the earth in the time T'. Bat 

dniing the same time the planet describeE a whiJe circumference. 

T 
Therelbie, 1— ^ is what the planet gains on the earth in one 

revolution. In order to a new conjuncUoa the jdanet must gain 
an entire circumference ; therefore, denoting the synodical period 
by S, the gain in one revolution will be to the time in which it 
is acquired, as a whole circumference is to the time in which that 
is gained, which is the synodical period. That is, 
TV TT' 

1 — 'V ' '.lIO = rri qv* 

From this formula ve may find the synodical period of Mei^ 
cury or Tenus by substituting the numbers denoted by the letten 

366.256x87.969 
Thus, 277287 =115.877, whichisthesjrnodical period 

of Mercury. 

By a similar computation, the synodical lerolution of Teoua 
will be found to be about 584 days. 

305. The motion of an inferior plan^ is dared in paanng 
through Us superior conjunction, and retrograde in passing 
through its inferior amjuncHon. Thus Tenus, while going &om 
B through D to A, (Pig. 60,] moves in the order of the signs, or 
txaa west to east, and would appear to traverse the celestial vault 
B'S'A' from right to left ; but in passing from A through C to B, 
her course would be retrograde, letumii^ on the same arc horn 
left to right. If the earth ttiere at rest, therefore, (and the sun, of 
course, at rest,) the inferior [^aaets would appear to oscillate bai^- 
wards and forwards across the sun. But, it mujt be recollected, 
that the earth is moving in the same direction with the planet, as 
respects the signs, but with a slower motion. This modifies the 
motions of the [Janet, accelerating it in the superior and retarding 
it in the inferior conjunctions. Thus in figure 60, Tenus while 
moving through BDA would seem to move in the heavens from 
R to A' were the earth at rest ; but meanwhile the earth changes 
its position fiom E to ly, by which means the jdanet is not seen 
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U A' but at A", being accelerated by the arc A'A" in consequence 
of the earth's motion. On the other hand, when the planet is 
passing throi^h its inferior conjunction ACB, it appears to mora 
backwards in the heavens from A' to B' if the earth is at rest, 
but from A' to B" if the earth has in the mean time moved from 
E to E', being retarded by the arc B'B^. Although the motions 
of the earth hare the effect to accelerate the fdanet in the superior 
conjimction, and to retard it in the inferior, yet, on account of the 
greater distance, the apparent motion of the planet is much slower 
in the superior than in the inferior conjunction. 

306. When passing from ike superior to the inferior conjunc- 
tion, or from the inferior to the superior conjunciion, through the 
greatest elongations, the inferior plants are staHonanf, 

If the earth were ^ rest, the stationary points Would be at the 
greatest elongations as at A and B, for then the planet would be 
moving directly towards or &om the earth, and would be seen for 
some time in the same place in the heavens ; but the earth itself 
is moving nearly at right angles to the Une of the {Janet's motion, 
that is, the line which is drawn from the earth to the [Janet 
through the point of greatest elongation ; hence a direct motion 
is given to the [Janet by this cause. When the planet, however, 
has passed this line, by its superior velocity it soon overcomes this 
tendency of the earth to give it a relative motion eastward, and 
becomes retrograde as it approaches the inferior conjunction. Its 
stationary point obviously lies between its [dace of greatest elon- 
gation, and Ibe place where its motion becomes retrograde. Mer- 
cury is stationary at an elongation of from 15'^ to 20° Irom the 
sun ; and Venus at about 39°.* 

307. Mercury and Venus exhibit to the telescope phases smilar 
to those of the moon. 

When on the side of their inferior conjunctions, these planets 
i^pear homed, Uke the moon in her first and last quarters ; and 
when on the side of their superior'conjunctions they appear gib- 
bous. At the moment of superior conjunction, the whole en- 
lightened orb of the jdanet is turned towards the earth, and the 

■ Henchel, p. 249.— Woodboon, 567. 



..Google 



ITS THE PLIKETS. 

appearance would be that of the full moon, but the planet is too 
Dear the sun to be commonly viable. 

These different phases show that these bodies are opake, and 
shine only as they reflect to us the light of the son ; and the 
same remark applies to all the planets. 

308. The distance of an inferior planet from the sun, may be 
found by observations at the time of itsgreeUest elongation. 

Thus if E be the place of the earth, and B that of Tenus at the 
time of her greatest elongation, the angle SBE will be known, 
being a right angle. Also the angle SEB is known from obser- 
vation. Hence the ratio of SB to SE becomes known ; or, since 
SE is given, being the distance of the earth from the sun, SB 
the radius of the orbit of the planet is determined. If the orbits 
were both circles, this method would be very eiact ; but being 
elliptical, we obtain the mean value of the radius SB by observ- 
ing its greatest elongation in different parts of its orbit.* 

309. 7%fl orbit of Mercury is the most eccentric, and the moat 
inclined of all the planets ,-f while that of YeKua varies but little 
from a arcle, and Ues much nearo' to the ecUptic. 

The eccentricity of the orbit of Mercury is nearly { its semi- 
major axis, while that of Tenus is only ttt i ^^^ inchnation of 
Mercury's orbit is 7°, While that of Venus is less than 3}''J. Mer- 
ctuy, on account of his different distances from the earth, varies 
much in his apparent diameter, which is only S" in the apogee, 
but 12/' in the perigee. The inclination of his orbit to his equa- 
tor being very great, the changes of his seasons must be propor- 
tionally great. 

310. The most favorable time for determining the sidereal rev- 
olution of a planet, is when its conjunction takes place at one of 
its nodes ; for then the sun, the earth, and the planet, being in 
the same straight line, it is referred to its true place in the heav- 
ens, whereas, in other positions, its aj^nrent place is more or less 
affected by perspective. 

• Henchel, p. 239. 

t Tho new planeU an of eouru eieeptad. t Btjly'i Tables. 
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311. ^n infenor planet u brightest at a certain point betv>een 
its greatest elongation and inferior conjunction. 

Its maximum brilliancy would happen at the inferior coqjudc- 
tioQ, (being then nearest to us,) if it shined by its own light ; 
but in that position, its dark side is turned towards us. Still, its 
maximum cannot be when most of the illuminated side is to- 
waids us ; for then, being at the superior conjunction, it is at its 
greatest distance irom us. The maximum must therefcffe be 
somewhere between the two. Venus gives her greatest light 
when about 40° from the sun, 

312. Meraary and Ytmus both revolve on their axes, in nearly 
the same time with the earth. 

The diurnal period of Mercury is 24h. £>m. 2ds., and that of 
Tenus 23h. 21iq. 7s. The revolutions on their axes have been 
determined by means of some spot or mark seen by the telescope, 
as the revolution of the sun on his axis is ascertained by means 
of his spots. 

313. Tenus is regarded as the most beautiful of the planets, 
and is well known as the morning and evening star. The most 
ancient nations did not indeed recognize the evening and morn- 
ing star as one and the same body, but supposed they were dif- 
ferent planets, and accordingly gave them different names, callii^ 
the morning star Lucifer, and the evening star Hesperus. At ber 
period of greatest splendor, Tenus casts a shadow, and is some- 
times visible in brood daylight. Her light is then estimated as 
equal to that of twenty stars of the first magnitude.* At her 
period of greatest elongation, Tenus is visible from three to four 
hours after the setting or before the rising of the sun. 

314. Every eight years, Venus forms her conjunctions with the 
sun in the same part of the heavens. 

For, since the synodical period of Venus is 684 days, and hw 
sidereal period 224.7, 

224.7 : 360°: :B8i : g35.6=the arc of longitude described by 
Venus between the first and second conjunctions. Deducting 

* Fnaearar, Unoofraphy, p. 125. 
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720°, or tvo entire ciicomferenceB, the remamder, dlS'^.G, ahom 
how far the place of the second conjunctioa is ia advance of the 
first. Hence, in fire synodical revolutions, or 2920 days, the 
same point must have advanced 215°.6xS=:107^, which is 
nearly three entire circumferences, so that at the end of five sy- 
nodJcal revolntions, occupying 2920 days, or 8 years, the conjunc- 
tion of Votius takes place nearly in the same place in the heavens 
as at first. 

Whatever appearances of this planet, therefore, arise from its 
positions with respect to the earth and the Bun, they are repeated 
every eight years in nearly the same form. 

TKiNSITS or IH£ mTERIOH PLANETS. 

315. The lyansit of Mercury or Venua, is itspaasaga aerost 
the sun's disk, as the moon passes over it in a solar ecUpse. 

As a transit takes place only when (he planet is in inferior 
conjunction, et which time her motion is retrograde (Art. 305,) 
it is always from left to right, and the planet is seen projected on 
the solar disk in a black round spot. Were the orbits of the in- 
ferior planets coincident with the plane of the earth's orbit a 
transit would occur to some part of the earth at every inferior 
conjunction. But the orbit of Venus makes on. angle of 3}° 
with the ecliptic, and Mercury an angle of 7° ; and, moreover, 
the apparent diameter of each of these bodies is very small, both 
of which circumstances conspire to render a transit a company 
tively rare occurrence, since it can happen only when the eun, at 
the time of an inferior conjunction, chances to be at or extremely 
near the planet's node. The nodes of Mercury lie in longitude 
46° and 226°, points which the eun passes through in May and 
November. It is only in these months, therefore, that transits of 
Mercury can occur. For a similar reason, those of Terms occur 
only in June and December. Since, however, the nodes of both 
jrfanets have a small retrograde motion, Uie months in which tran- 
sits occur will change in the coune of ages. 

316. The irUerocUs between successive transits, may be found 
in the following manner. The formula which gives the synodical 
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period (Art. 304,) is S^sr^^ ■where S denotes the period, T 
the sidereal ravolutioD of the earth, and T' that of the planet. 
If we now represent by m the number of synodical rerolutioQs 
of the earth in the required peijod, and by n the number of revo- 
lutions of the planet in the same time, then, since the number of 
revolutions in each case is inversely as the time of one, we have, 
„ TxT* ^ nTT' tn T* „ 

• T -T''" •"'•'•*'*T= ^_,j, •-'• n= T-T' ' ™t*»'s'h« 
number of revolutions which the earth must perform in (»der 
that the two bodies, after having once met at the planet's nodes, 
may meet again at the sama place. In the case of Mercury, 
whose sidereal period is 87.969 days, while that of the earth is 

f» 67969 
365.256 days, ^= 27T28T ' *** ^' ^'^ *'** *"* has revolved 
87%9 times, (or after this number of years,) Mercury will have 
revolved just 2772S7, and the two bodies will be together again 
at the place where they started. But as periods of such enormous 
length do not iall within the observation of man, let us search for 
smaller nmubers having nearly the same ratio. Now, 
87969 : 366266:-:l ; 4^ (nearly.) 

This shows that in one year Mercury will have made 4 revo~ 
lutions and j of another ; so that, when the sun returns to the 
same node, Mercury will be more than 6(P in advance of it ; con- 
sequently, no transit can take place after an interval of one year. 
Bat, by making trial of S, 3, 4, &c. years, we dhall find a nearer 
iq>|«oxiinatiQn at the end of 6 years ; for, 

87969 : 365265 : :6 : 25- y^. In 6 years, therefore. Mercury 
will fall short of reaching the node by only j\ of a revolution, 
or about 33°. In 13 years the chance of meeting will be much 
greater, for in this period the earth wiU have made 13 and Mei^ 
cury 54 revolutions. The numbers 33 and 137, A& and 191, 
afford a still nearer apivozimatioD.* 

317. In a similar manner, transits of Tenus are probable after 
8, 227, 236, and 243 years. Smce Venus returns to her conjunc- 
tion at nearly the same point of her orbit, after 8 years, (Art. 314,) 

■ Thi( Mriu m^ retdilf b« obluii«d by the mellioil of Conthtiud Frattims. 
See Daviee'i Baitrdoti'e Algebia. 
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it frequently happens that a transit takes place aAer an interval 
of 8 years. But at that time Venus is so far from her node, that 
her latitude amounts to from 20' to 24'. Still she may possibly 
come within the sun's disk as she passes by him ; for suppose at 
the [veceding transit her latitude was lO on one side of the node 
and is now ICK on the other side, this being less than the sun's 
semi-diameter, a transit may occur 8 years after another. Tbos 
transits of Tenus took place in 1761 and 1769. But in 16 years 
the latitude changes from iSY to 48', and Venus could not reach 
any pert of the solar disk in her inferior conjunction. 

From the above series we should infer that another transit 
could not take place under 227 years ; but since there are two 
nodes, the chaace is doubled, so that a transit may occur at the 
other node in half that interval, or ia about 113 years. If, at the 
occurrence of the first transit, Venus had passed her node, the 
next transit at the other node will happen 8 years before the 113 
are completed ; at if she had not reached the node, it will hiq^n 
8 years later. Hence, after two transits have occurred within 8 
years, another cannot be expected before 105, 113, or 121 years. 
Thus, the next transit will ha[^n in 1874=1769+105 ; also in 
1782=1874+8. 

318. The great interest attached by astronomers to a transit of 
Venus, arises from its furnishing the most accurate means in our 
power of determining the sun's korixontal partUlax, — an element 
of great importance, since it leads us to a knowledge of the dis- 
tance of the earth Irom the sun, and, consequently, by the appli- 
caticoi of Kepler's law, (Art. 183,) to the distances of all the 
other planets. Hence, in 1769, great efforts were made through- 
out the civilized voild, under the patronage of different govern- 
ments, to observe this phenomenon under circumstances the most 
favorable for determining the parallax of the sun. 

The method of finding the parallax of a heavenly body de- 
Bcribed iu article 85, cannot be relied on to a greater degree of 
accuracy than 4". In the case of the moon, whose greatest par- 
allax amounts to about 1°, this deviation iiom absolute accuracy 
is not material ; but it amounts to nearly half the entire parallax 
of the Bun. 
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319. If the sun and Venus were equally distant from as, they 
would be equally affected by parallax as viewed by spectators in 
different parts of the earth, and hence their relative sitoatioa 
would not be altered by it ; but since Venus, at the inferior con- 
junction, is only about one third as far off as the sun, her parallax 
is proportionally greater, and therefore spectators at distant points 
will see Venus projected on different parts of the solar disk, and 
as the planet traverses the disk, she will appear to describe chorda 
of different lengths, by means of which the dnration of the tran- 
sit may be estimated at different places. The difference in the 
duration of the transit does not amount to many minutes ; but to 
make it as large as possible very distant places are selected for 
observation. Thus in the transit of 1769, amoi^ the places se- 
lected, two of the most favorable were Waidhuz in Lapland, and 
Oteheite, one of the South Sea Islands. 

The principle on which the sun's horizontal parallax is esti- 
mated from the transit of Venus, may be illustrated as follows : 
Let £ (Pig. 61,) be the earth, V Venus, and S the sun. Suppose 
A, B, two spectators at opposite extremities of that diameter of 
the earth which is perpendicular to the ecliptic. The spectator 
at A will see Teaus oa the sun's disk at a, and the spectator at 
Fig. 61. 




B will see Venus at b ; and since AV and BV may be considered 
as equal to each other, as also V6 and Va, therefore the triangles 
AVB and Yab are similar to each other, and AV : Va: :AB : ab. 
But the ratio of AV to Vo is known, (Art. 308) j hence, the ratio 
of AB to ab is known, and when the angular value of ab as seen 
from the earth, is found, that of AB becomes known, as seen from 
the sun ;* and half AB, or the semi-diameter of the earth as seen 

* If, Tor szminple, oi is 3^ iJmes AB, (nhicb i« nearly the &ct,) then if AB 
weie OQ the mn iaitesd of on the eunh, it would inbteDd ui angle >t the eye 
oqaal lo ^ of oi. Bat if Tiewed &om the nm, Xb» diatum baing the aame, il* 
•ppafent diameter muit be the lama. 
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from the sun, is the sun's horizontal parallax. To find the ajqn- 
rent diameter of ab, ve have only to find the breadth of the 
space between the two chords. Now, we can ascertain the 
value of each chord by the time occupied in describing it, 
since the motions of Venus and those of the son are accurately 
known from the tables. Each chord being double the ana of 
half the arc cut off by it, therefore the sine of half the arc and of 
course the versed sine becomes known, and the difference of the 
two versed sines is the breadth of the zone in question. There 
are many circumstances to be taken into the account in estima^ 
ting, from observations of this kind, the sun's horizontal parallax; 
but the fcwegoing explanation maybe sufficient to give the learner 
an idea of the general principles of this method. The i^pear- 
ance of Yenus on the sun's disk, being that of a well defined 
black spot, and the exactness with which the momejtt -tf external 
or iatemal contact may be determined, are^cumstqiAs.&voia- 
ble to the exactness of the result ; and sstTonomers ^fixise so 
much confidence in the estimation-of the sun's horizontal parallax 
as derived from the observations on the transit of 1769, that this 
important element is thought to be ascertained within y', of a se- 
cond. The general result of all these observations give the sun's 
horizontal parallax 8. "6, or more exactly, 8."B776.* 

320. During the transits of Venus over the sun's disk in 1761 
and 1769, a sort of penumbral light was observed around the 
planet by several astronomers, which was thought to indicate an 
a^nosphere. This appearance was particularly observable while 
the planet was coaiing on and going off the solar disk. The 
total immersion and emersion were not instantaneous ; but as two 
drops of water when about to separate, form a ligament between 
them, so there was a dark shade stretched out between Venus and 
the sun, and when the ligament broke, the planet seemed to have 
got about an eighth part of her diameter from the limb of the 
sun'-t The various accounts of the two transits abound with re- 
marks like these, which indicate the existence of an atmosphere 
about Venus of nearly the density and extent of the earth's at- 

' Delsmbro, t. H. Viuce's Completo Byai. Vat. 1. Woqdbouie, p. 754. Hen- 
cbel, p. 343. I Edinb. Encjc. ATL.d«troiumty. 
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mosphere. Similar jvoofa of the existence of an atmos[Aiere 
around this planet, are derired &om appearances of twiUght. 

The elder astionomeis imagined they had discovered a aateUile 
accompanyiog Yenus in her transit If Venus had in reality any 
satellite, the fact would be obvious at hei transits, as the satel- • 
lite would be |»xijected near the primary on the sun's disk ; but 
later astronomers have searched in vain for any s^ipearances of 
the kind, and the inference is that former astronomers were de- 
ceived by some optical illusion. 

Astronomers have detected very high mountains on Tenus, 
sometimes reaching to tfae elevation of 22 miles ; and it is re- 
markable that tfae highest mountains in Tenus, in Mercury, in 
the moon, and in the earth, are always in the southern hemi- 
sphere. . . - 



CHAPTER X. 

or THE BUPEBlOa rLAHXTS ^lURS, JUPITER, S1.TCBN, AND CRAHUS. 

321. Tbe Superior planets are distinguished from the Inferior, 
by being seen at all distances irom the sun from 0° to 180°. 
Having their orbits exterior to that of the earth, they of course 
never come between us and the sun, that is, they never hare any 
inferior conjunction like Mercury and Tenus, but they are some- 
times seen in superior conjunction, and aometimes in opposition. 
Nor do they, like tbe inferior jdanets, exhibit to the telescope dif- 
ferent phases, but, with a single exception, they always present 
the side that is turned towards the earth fully enlightened. This 
is owing to their great distance from the earth ; for were the spec- 
tator to stand upon the sun he would of course always have the 
illuminated side of each of the planets turned towards him ; but, 
so distant are all the superior planets except Mars, that they are 
viewed by us rary nearly in the same manner as they would be 
if we actually stood on the sun. 
24 
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322. Mass is a snutll planet, his diameter beii^ only about half 
that of the earth, or 4100 miles. He also, at times, comes nearer to 
the earth than any other pluiet except Ycdus. His mean distaace 
from the sua is 142,000,000 miles ; but his orbit is so eccentric 
that his distance raries much in different parts of his revolutioD. 
Hais is always very near the ecliptic, never varying from it 
2*^. He is distinguished from all the planets by his deep red 
color, and fiery aspect ; but his brightness and apparent magni- 
tude vary much at diffeient times, being sometimes nearer to us 
than at others, by the whole diameter of the earth's orbit, that is, 
by about 190,000,000 of miles. When Mars is on the same side 
of the sun with the earth, or at his opposition, he comes within 
47,000,000 miles of the earth, and rising about the time the sun 
sets surprises us by his magnitude and splendor ; but when he 
passes to the other aide of the sun to his superior conjunction, he 
dwindles to the appearance of a small star, being then 237,000,000 
miles from us. Thus, let M (Fig- 62,) re|a«9ent Mars in oppoor 
tion, and M' in the superior conjunction. It is obvious that in 
the former situation, the planet must be nearer to the earth than 
in the latter by the whole diameter of the earth's orlut. 

Fig. 63. 




323. Mars is the only one of the superior planets which exhibits 
phases. When he is towards the quadratures at Q. or Q.', it is 
evident from the figure that only a part of the circle of illumina- 
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tion is turned towards the earth, such a portion of the letooter 
part of it being concealed &om out view as to render the form 
more or less giU)ous. 

324. When viewed with a powerful telescope, the surface of 
Hais ap^ars diversified with numerous varieties of light and 
shade. The region around the poles is marked by whita spots, 
which vary their appearance with the changes of seasons in the 
planet Heuce Dr. Herschel ctnijectured that they were owing 
to ice and snow, which altemateiy accumulates and melts, accord- 
ing to the position of each pole with respect to the sun.* It has 
been common to ascribe the ruddy light of this planet to an ex- 
tensive and dense atmosphere, which was said to be distinctly 
indicated, by the gradual diminution of light observed in a star 
M it approached very near to the planet in undergoing an occulta- 
tion ; but more recent observBtiona afibrd no such evidence of an 
atmosphere.f 

By observations on the spots we learn that Mars revolves on 
tus axis in very nearly the same time with the earth, (24h, 39m. 
2I*.3) ; and that the inclination of his axis to that of the ecliptio 
is also nearly the same, being 30^ 18' I0".8. 

325. As the diurnal rotation of Mars is nearly the same as that 
of the earth, we might expect a similar flattening at the poles, 
giving to the planet a spheroidal figure. Indeed the compression 
or ellipticity of Mars greatly exceeds that of the e^th, being no 
less than Vt of the equatorial diameter, while that of the earth is 
only jij, (Art. 138.) This remarkable flattening of the poles of 
Mars has been supposed to arise fiom a great variation of density 
in the planet in different parts.| 

326. JcpiTEn is distinguished from all the other planets by his 
vast magnitude. His diameter is 86,000 miles, and his volume 
1280 times that of the earth. His figure is strikingly spheroidal, 
the equatorial being larger than the polar diameter in the [xoportioa 
of 107 to 100. (See Frontispiece, Fig. 4.) Such a figure might 

■ Phi). Trwu. 17B4. t Kr Judm Boutli, PhU. Tiuw. 1833. 

t Ed. EMfO. Art. AtFMMiy. 
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oatorally be e^)ected fix>m the nudity of his diurnal rotadon, 
vhich ia accompliAed in about 10 boon. A ptace on the equator 
of Ja]Hter must turn 27 times as fast as on tbe terrestrial equatw. 
The distance of Jupiter from the sun is nearly 490,000,000 miles, 
and his revolatioa around the sun occupies nearly 12 years. 

327. The riew of Jupiter through a good telescope, is one of the 
most Qkagnificent and interesting spectacles in astronomy. The 
disk expands into a large and bright orb like the full moon ; the 
spheroidal figure which theory assigns to revolving q)heres, is here 
palpably exhibited to the eye ; across the disk, arranged in paral- 
lel stripes, are discerned several dusky bands, called beUs; and 
four bright satellites, always in attendance, but ever varying their 
positions, compose a splendid retinue. Indeed, asHonomers gaze 
with peculiar interest on Jupiter and his moons as affording a 
miniature re^x^sentation of the whole solar system, repeating on 
a smaller scale, the same revolutions, tuid exempUfying, in a man- 
ner more within the compass of our observation, the same laws as 
regulate the entire assemblage of sun and planets. (See Fig. 63.) 

328. The Belts of Jupiter, are variable in their number and 
dimensions. With the smaller telescopes, only one or two are 
seen across the equatorial regions ; but with more powerful in- 
struments, the number is increased, covering a great put of the 
whole disk. Different opinions have been entertained by astroo- 
omers respectit^ the cause of the belts ; but they have generally 
been regarded as clouds formed in the atmosf^iere of the planet, 
agitated by winds as is indicated by thwr frequent changes, and 
made to assume the form of belts parallel to the equator by cuc^ 
rents that circulate around the planet like the trade winds and 
other currents that circulate around our globe.* Sir John Her- 
schri suiqxffies that the belts are not ranges of clouds, but portions 
of the planet itself brought into view by the removal of clouds 
and mists that exist in the atmosphere of the planet through which 
are openings made by currents circulating around Jupiter.-f 

329. The Satellites of Jupiter may be seen with a telescope 
of very moderate powers. Bvea a common spy glass will enable 

■ Ed. E11C7C. An. AtrONony. i Henchd'i Ancon. p. a6C. 
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OS to discern th«m. Indeed one or tvo of them have been occar- 
uonally seen ivith the naketl eye. In the largest telescopes, they 
severally appear as bright as Sirius. With such an instrument 
the Tiev of Japiter with his moons and belts is truly a magaifi- 
cent spectacle, a world within itself. As the orbits of the satel- 
lites do not deviate far from the plane of the ecliptic, and but 
little from the equator of the planet, they are usually seen in 
nearly a straight Une with each other extending across the central 
part of the disk. (See Frontisinece.) 

330. Jupiter's satelUtes are distinguished from one another by 
the denominations of ,/Ersf, second, third, andjburtk, according to 
their relative distances from Jn^Hter, the first being that which is 
nearest to him. Their apparent motion is oscillatory, Uke that 
of a pendulum, going alternately from their greatest elongation 
on one side to their greatest elongation on the other, sometimes 
in a straight line, and sometimes in an elliptical curve, according 
to the difieient points of view in which we observe them from 
the earth. They are sometimes stationary ; their motion is alter- 
nately direct and retrc^tade ; and, in short, they exhibit in mini- 
ature all the [^enomena of the jdanetary system. Various par- 
ticulars of the system are exhibited in the following table. The 
distances are given in nidii of the primary. 



SiuJIIu. 




Mm Dl.»«. 


6id.n.) e..<.l..tio.. 


1 


2608 


6.04853 


Id. 18h. 28m. 


2 


2068 


9.62347 


3 13 14 


3 


3377 


16.3«024 


7 3 43 


4 


2890 


26.99835 


16 16 32 



Hence it appears, first, that Jupiter's satellites are all somewhat 
lai^er than the moon, but that the second satellite is the smallest, 
and the third the largest of the whole, but the diameter of the lat- 
ter is only about ,'j part of that of the primary ; secondly, that the 
distance of the innermost satellite from the planet is three times his 
diameter, while that of the outermost satellite is nearly fourteen 
times his diameter ; thirdly, that the first satellite com^Jetes its 
revolution around the primary in one day and three fourths, while 
the foarth satellite leqoiies neaiiy sixteen and ^iree fourths days. 
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331. Tbe orbits of the satellites ue nearly or quite ciicular, 
and deviate but little from the pl&ne of the planet's equator, and 
of course are but sUghtlyinclined to the |dane of bis orbit. They 
are, therefore, in a similar sitoation with respect to Jufnter as the 
moon would be with respect to the earth if her orbit neuly 

' coJDcided with the ecliptic, in which case she would undergo an 
eclipse at every oppowtiotL 

332. The eclipses of Jupiter's satellites, in their general con- 
ception, are perfectly analogous to those of the moon, but in their 
detail they differ in several particulars. Owing to the much 
greater distance of Jupiter from the sun, and its greater magni- 
tude, the cone of its shadow is much longer and larger than that 
of the earth, (Art. 246.) On this accoimt, as well as on account 
of the little inclination of their .orbits to that of their primary, 
the three inner satellites of Jupiter pass through the shadow, and 
are totally eclipsed at every revolution. The fourth satellite, 
owing to the greater inclination of its orbit, sometimes though 
rarely escapes eclipse, and sometimes merely grazes the limits of 
the shadow or suffers a partial eclipse.* These eclipses, more- 
over, are not seen, as is the case with those of the moon, from the 
center of their motion, but from a remote station, and one whose 
situation with respect to the line of the shadow is variable. This, 
of course, makes no difference in the timex of the eclipses, but a 
very great one in theii visibility, and in their apparent situations 
with respect to the planet at the moment of their entering or 
quitting the shadow. 

333. The eclipses of Jupiter's satellites present some carious 
phenomena, which will be understood from the followii^ diagram. 

Let A, B, C,D, (Fig. 63,)represent the earthin different partsof 
its orbit ; J, Jupiter in his orbit MN, surrounded by his four satel- 
lites, the orbits of which are marked 1, 2, 3, 4. At a the first 
satellite enters the shadow of the planet, and emerges from it at 
b, and advances to its greatest elongation at c. Since the shadow 
is always opposite to the sun, only the immersion of a satellite 
will be visible to the earth while the earth is somewhere between 

■ SuJ.UmmImI, AM.P.S78. 
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C and A, that is, while the earth is pessiDg Ibm the positioD 
where it has the [Janet in superior conjunction, to that'where it 
has the planet in opposition ; for while the earth is in this situa- 
tion, the i^anet conceals frran its view the emersion, as is evident - 
from the direction of the visual ray^. For a similar reason the 
emersion only is visible while t^e earth passes from A to C, or 
from the opposition to the superior conjunction. In other words, 
when the earth is to the westward of Jupiter, only the immersions 
of a satellite are visible ; when the earth is to the eastviard of 
Ju[Hter, only the emersions are visible. This, however, is strictly 
true only of the first satellite ; for the third and fourUi, and some- 
times even the second, owing to their greater distances from Jupiter, 
occasionally disappear and reappear on the some side of the diak. 
The reason why they shonld ret^ipearon. the aame side of the 
disk, will be understood &cNn the figure. Conceive the whole 
system of Jupiter and his satellites as projected on the more dis- 
tant concave sphere, by lines drawn, like^ from the observer 
OD the earth through the plaaet and each of the satellites ; then 
it is evident that the remoter paits of the riiadow where the in- 
terior satellites traverse it, will fall to the westward of the planet, 
and of course these satellites as they emerge from the shadow 
will be projected to a point on the same side of the disk as the 
point of their emersion. The same mode of reasoning will show 
that when the earth is to the eastward of the {danet, the immer- 
sions and emersions of the outermost sateUites will be both seen 
on the east side of ^e disk. When the earth is in either of the 
positions C or A, that is, at the superior conjunction or opposition 
of the planet, both the immeisioDa and emersions take place be- 
hind the planet, and the eclipses occur close to the disk. 
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334. When one of the satellites is passing between Jupito and 
the sun, it casts a shadow upon its primary, which is seen by the 
telescope travelling across the disk of Ja{Hter, as the shadow of 
the moon woidd be seen to traverse the earth by a spectator favtn^ 
ably situated in space. Whea the earth is to the westward of 
Jafnter, as at D, the shadow reaches the disk of the planet, or is 
seen on the disk, before the satellite itself reaches it For the 
satellite will not enter on the disk, until it comes up to the line 
fdaid,e. point which it reaches later than its shadow reaches 
the same line. AAer the earth has passed the opposition, as at B, 
then the satellite will reach the visual ray cd at d sooner than the 
shadow, and of course be sooner projected on the disk. In the 
transits of Jupiter's satellites, which with very powerful telescopes 
may be observed with great precision, the satellite itself is some- 
times seen on the di^ as a bright spot, if it chances to be [xtK 
jected upon one of the belts. Occasionally, also, it is seen as a 
dark spot, of smaller dimensoDS than the shadow. This curious 
^t has led to the conclusion, ^at certain of the satellites have 
sometimes on their own bodies or in their' atmospheres, obscure 
spots of great extent.* 

335. A very singular relation subsists between the mean rnp- 
tiona of the three first satellites of Jupiter. If the mean angular 
velocity of the first satellite be added to twice that of the third, 
the sum will be equal to three times that of the second. Hence, 
if from the mean longitade of the first plus twice the mean lon- 
gitude of the second, be subtracted three times the mean longi- 
tude of the third, the remainder will always be the same constant 
quantity, which observation shows to be equal to 180° ; so that 
the situation of any two of them being given, that of the third 
maybe found. One curious consequence of this relation is, that 
these three satelUtes cannot be all eclipsed at once ; for when the 
second and third lie in the same direction from the center, the 
first must lie on die opposite side ; and when the first is eclipsed, 
the other two must lie between the sun and planet, throwing 
their shadows on the disk.t It will be remarked, that these phe- 

■ Sir J. H«nch«l. t Ibid. 
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nomena are such as would present themselres to a spectator on 
Ju[»ter, and not to a spectator on the earth. 

336. The eclipses of Jupiter's satellites have been studied with 
great attention by astronomers, on account of theii affording one 
of the easiest methods of determining the longitude. On this 
subject Sir J. Herschel remarks :• The discoTeiy of Jupiter's 
satellites by Ofdileo, which was one of the first fruits of the in- 
vention of the telescope, forms one of the most memorable epoctu 
in the history of astronomy. The first astronomical solution of 
the great problem of "the longitude," — the most important prob- 
lem for the interests of mankind that has ever been brought under 
the dominion of strict scientific principles, dates immediately froni 
their discovery. The final and conclusive establishment of the 
Copemican system of astronomy, may also be considered as re- 
ferable to the discovery and study of this exquisite mioiatma 
system, in which the laws of the planetary motions, as ascer- 
tained by Kepler, and especially that which connects theu- peri- 
ods and distances, were speedily tiaced, and found to be satisfac- 
torify maintained. 

337. The entrance of one of Jupiter's satellites into the shadow 
of the primary being seen hke the entrance of the moon into the 
earth's shadow, at the same moment of absolute time, at all 
places where the planet is visible, and being wholly independent 
of parallax ; being, moreover, predicted beforehand with great 
accuracy for the instant of its occurrence at Greenwich, and 
given in the Nautical Almanac, this would seem to be one of 
those events (Art. 273,) which are peculiarly adapted for finding 
the longitude. It must be remarked, however, that the extinc- 
tion of light in the satellite at its immersion, and the recovery 
of its light at its emersion, are not instantaneous but gradual ; 
for the satellite, like the moon, occupies some time in entering 
into the shadow or in emerging from it, which occasions a jhx)- 
gressive diminution or increase of light. The better the light 
afibrded by the telescope with which the observation is made, 
the later the sateUite will be seen at its immersion, .and the sooner 



■ Elem«nU of AM. p. 279. 
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at its eatemoa.* In noting the eclipses even of the first satelKte, 
the time must be considered as uncertain to the amount of 20 or 
30 seconds ; and those of the other satellites involve still greater 
uncertainty. Two observers, in the same room, observing with 
different telescopes the same eclipse, will frequently disagree in 
noting its time to the amount of 15 or 20 seconds ; and the dif- 
ference will be always the same way.f 

Better methods, therefore, of finding the longitude are now 
employed, although the faciUty with which the necessary obser- 
vations can be made, and the little calculation required, still ren- 
der this method eligible in many cases where extreme accuracy 
is not important. As a telescope is essential for observing an 
eclipse of one of the satellites, it is obvious that this method 
cauaot be -ptactioed at sea. 

338. The grand discovery of the progressive taotion of light, 
was first made by observations on the eclipses of Jupiter's satel- 
lites. In the year 167€, it was remarked by Roemer, a Danish 
astronomer, on comparing together observations of these eclipses 
daring many successive years, that they t&ka place sooner by 
about sixteen minutes (16m. 26'.6) when the earth is on the 
same side of the sun with the pluiet, than when she is on the 
opposite side. This difference he ascribed to the progressive mo- 
tion of light, which takes that time to pass through the diameter 
of the earth's orbit, making the velocity of light about 192,000 
miles per second. So great a velocity startled astronomers at first, 
and produced some degree of distrust of this explanation of the 
phenomenon ; but the subsequent discovery of the aberration of 
light (Art 195,) led to an independent estimation of the velocity 
of Ught with almost precisely the same result. 

339. Saturn comes next in the series as we recede from the 
sun, and has, like Jupiter, a system within itself, on a scale of 
great magnificence. Id size it is, next to Jujnter, the largest of 
the planets, being 79,000 miles in diameter, or about 1,000 times 
as lai^e as the earth. It has likewise belts on its surface and is 

* This a (he reuou whj obaerrera sre directed in the Nsuticil AlmuM to oh 
UleKopM of k etrtaia pmoer. i Woodhouse, p. 640. 



attended by seven satellites. Bat a still more wondetfol i^ipen- 
dage is its JRing, a broad wheel encompassing the planet at a gieat 
distance fiom it. We hare already intimated that Saturn's sys- 
tem is on a grand scale. As, bowerer, Saturn is distant from us 
Dearly 900,000,000 miles, we are unable to obtain the same clear 
and striking views of his phenomena as we do of the phenomena 
of JuiNter, althongh they really fvesent a more wonderful me- 
y^T'itwn. 

340. Saturn's ring, when viewed with telescopes of a high 
power, is found to consist of two concentric rings,* separated 
from each other by a dark space. (See Frontispiece.) Although 
this division of the rings ^peais to us, on account of our im- 
mense distance, as only a fine line, yet it is in reality an interval 
of not less than about 1800 miles. The dimentaona of the whole 
system are in round numbers, as follows :t 

Hilel. 

IMameter of the planet, 79,000 

From the surface of the planet to the inner ring, 20,000 
Breadth of the inner ring, . . . 17,000 

Interval between the rings, . . , 1,800 

Breadth of the outer ring, . . 10,600 

Extreme dimensions from outside to outside, 176,000 
The figure represents Saturn as it aj^iears to a powerful tele- 
scope, surrounded by its rings, and having its body striped with 
dark belts, somewhat similar but broader and less strongly marked 
than those of Jupiter, and owing doubtless to a similar cause. 
That the ring is a solid opake substance, is shown by its throw- 
ing its shadow on the body of the {danet on the side nearest the 
sun and on the other side receiving that of the body. From 
the parallelism of the belts with the jdane of the ring, it may 
be conjectured that the axis of rotation of the [Janet is perpen- 
dicular to that plane ; and this coqjecture is confirmed by the 
occasional aj^tearance of extensive dusky spots on its surface, 
which when watched indicate a rotation parallel to the ring in 
l(tti. 2Qm. 17a. This motion, it will be remarked, is nearly the 

* It ii Mid itui MTeral additional diviiioni of the ring htre bten datected^— 
(Kuer, Act. TrtiH. it. 383.) I Prof. Strnre, Hem. AM. Soe., 3. 301. 
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same vith the dinmal raotioa of Jupiter, subjecting places on the 
equator of the planet to a very swift revolution, and occasioaing 
a high degree of com^sessioD at the poles, the equatorial being to 
the polar diameter in the high ratio of 11 to 10. But it is re- 
markable that the globe of Saturn appears to be flattened at the 
equator as well as at the poles. The polar comivession extends 
to a great distance over the surface of the planet, and the greatest 
diameter is that of the parallel of ASP of latitude. The disk of 
Saturn, therefore, resembles a square of which the four comers 
have been rounded off.* It requires a telescope of high magni- 
fying powers and a strong light to give a full and striking view 
of Saturn with bis rings and belts and satellites ; for we must 
bear in mind that at the distance (tf Saturn one second of angular 
measurement corresponds to 4,0D0 miles, a space equal to the 
semi-diameter of our globe. But widi a telescope of moderate 
powers, the leading phenomena of the ring itself may be observed. 

341. Satum'3 ring, in Us revoluHon around the sun, alieays 
remains parailel to itself. 

If ve hold opposite to the eye a circular ring or disk like a 
piece of coin, it will ai^)eai as a complete circle when it is at right 
angles to the axis of vision, but when oblique to that axis it will 
be projected into an ellipse more and more flattened as its obli- 
quity is increased, until, when its [Jane coincides with the axis 
of vision, it is projected into a straight line. I^t us place on the 
table a lamp to represent the sun, and holding the ring at a cer- 
tain distance inclined a Uttle towards the lamp, let us carry it 
round the lamp always keeping it paiallel (o itself. During its 
revolution it will twice {H-esent its edge to the lamp at opposite 
points, and twice at places 90° distant from those ' points, it will 
present its broadest face towards the lamp. At intermediate 
points, it will exhibit an ellipse more or less open, according as it 
is nearer one or the other of the preceding positions. It will 
be seen also that in one half of the revolution the lamp shines on 
one side of the ring, and in the other half of the revolution on 
the other side. Such would be the successive appearances of 
Saturn's ring to a spectator on the son ; and since the earth is, 

■ Sir W. BetMhel, PbU. Tr. 1806, Fwl U. 
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in respect to so distant a body as Satum, very near the son, those 
appearances are presented to us in nearly the same manner 
as though we viewed them from the sun. Accordingly, we 
sometimes see Saturn's ring under the form of a broad ellipse, 
which grows continually moFO and more acute until it passes into 
a line, and we either lose sight of it altogether, or with the aid of 
the most powerful telescopes, we see it as a fine thread of light 
drawn across the disk and projecting out from it on each side. 
As the whole revolution occupies 30 years, and the edge is pre- 
sented to the sun twice in the revolution, this last phenomenon, 
namely, the disappearance of the ring, takes place every 16 years. 

343. The learner may perh^is gain a clearer idea of the fore- 
going a{^)earauces from the following dii^tam : 

Let A, B, C, &c. represent successive positions of Satum and 
his ring in different parts of his orbit, while abe refveseats the 
orbit of the earth.* Were the ring when at C and G perpendic- 
ular to the line CG, it would be seen by a spectator situated at a 
or d a perfect circle, but being inclined to the line of vision 28° 
4', it is projected into an ellipse. This ellipse contracts in breadth 

Fig. M. 




as the ring passes towards its nodes at A and E, where it dwin- 
dles into a straight line. From E to G the ring opens again, be- 
comes broadest at G, and again contracts till it becomes a stnught 
line at A, and from this point expands till it recovers its original 
breadth at C. These successive appearances are all exhibited to 
a telescope of moderate powers. The ring is extremely thin, 
»nce the smallest satellite, when iHx>jected on it, more than covers 
it. The thickness is estimated at 100 miles. 

* It may b« Temuked bj the leuner, tlut tbeie otbili ue made so elliptical, 
not to repreasnt tba eoceDtricilj of either the earth'* or Suuni'a oibit, but merelf 
■1 the projection of ciiclei foen Ter; obliquely. 
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3^. Saturn's rirtgsfan^ wholly by r^ieetedUght derived fivm 
the sun. This is evident from the fact, that that side only which 
is tamed towards the son is enlightened ; and it is remarkable, 
that the illumination of the ring is greater than that of the planet 
itself, but the outer ring is less bright than the inner. Although, 
as we have already remarked, we view Saturn's ring neariy as 
though we saw it from the sun, yet the plane of the ring {vodu- 
ced may pass between the earth and the sun, in which case also 
the ring becomes invisible, the illuminated side being wholly 
turned from us. Thus, when the ring is approaching its node at 
E, a spectator at b would have the dark side of the ring [H'esented 
to him. The ring was invisible in 1S33, and will be invisible 
again in 1847. At present (1839) it is the northern side of the ring 
that is seen, but in 1855 the southern side will come into view. 

It appears, therefore, that there are three causes for the disap- 
pearance of Satorn's ring ; first, when the edge of the ring is 
presented to the sun ; secondly, when the edge is presented to 
the earth ; and thirdly, when the unilluminated side is towards 
the earth. 

344 Saturn's ring revolves in its own plane in about 10} 
hours, (lOh. 32m. 15'.4). La Place inferred this from the doctrine 
of universal gravitation. " He proved that such a rotation was 
necessary, otherwise the matter of which the ring is composed 
would be precipitated upon its primary. He showed that in order 
to sustain itself^ its period of rotation must be equal to the time 
of revolution of a satellite, circulating arotud Saturn at a dis- 
tance from it equal to that of the middle of the ring, which period 
would be about 10} hours. By means of spots in the' ring Dr. 
Herschel followed the ring in its rotation, and actually found its 
period to be the same as assigned by La Place, — a coincidence 
which beautifully exemplifies the harmony of truth,* 

345. Although the rings are very nearly concentric, yet recent 
measurements of extreme delicacy have demonstrated, that the 
coincidence is not mathematically exact, but that the center of 
gravity of the rings describes around that of the body a very 

■ Sjitenn du Honde, I. iv. e. 8. 
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minute orbit This fact, nnimportant as it may seem, is of the 
utmost consequence to the stability of the system of rings. 
Supposing diem mathematically perfect in their circular form, 
and exactly concentric with the planet, it is demonstrable that 
they would form (in spile of their centrifugal force) a system in 
a state of unstable equitibrnan, which the slightest external 
power would subTert— not by causing a rupture in the substance 
of the rings — ^but by precipitating them unbroken on the surface 
of the planet.* The ring may be supposed of an unequal breadth 
ia its different parts, and as consisting of irregular solids, whose 
.common center of gravity does not coincide with the center of 
the figure. Were it not for this distribution of matter, its equi- 
librium would be destroyed by the slightest force, such as the 
attraction of a satellite, and the ring would finally precipitate 
itself upon the planet-f 

As the smallest difference of velocity between the planet and 
its rings must infallibly precipitate the rings upon the planet, 
never more to separate, it follows either that their motions in their 
common orbit round the sun, must have been adjusted to each 
other by an external power, with the minutest precision, or that 
the rings must have been formed about the planet while subject 
to their common orbitual motion, and under the full and &ee in- 
fluence of all the acting forces. 

The rings of Saturn must i»esent a magnificent spectacle from 
those regions of the planet which lie on their enUghtened sides, 
appearing as vast arches (panning the sky from horizon to hori- 
zon, and holding an invariable situation among the stars. On 
the other hand, in the region beneath the dark side, a solar eclipse 
of 15 years in duration, under their shadow, must afford (to our 
ideas) an inhospitable abode to animated beings, but ill compen- 
sated by the full light of its satellites. . But we i^all do wrong 
to judge of the fitness or unfitness of their condition firom what 
we see around us, when, perhaps, ' the very combinations which 
convey to our minds only images of horror, may be in reality 
theatres of the most striking and glorious displays of beneficent 
contrivance^ 

■ Sir ). Hencbel. t La Place. t Sir J. Henchel. 
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346. Saturn is attended by seven satellites. Although bodies 
of coosidefable size, their great, distance [a^rents their being vis- 
ible to any telescopes but such as affoid a strong Ught and high 
magnifying powers. The outermost satellite is distant &om the 
planet more than 30 times the [danet's diameter, and is by far 
the hugest of the whole. It is the only one of the series whose 
theory has been inrestigated further thai) suffices to verify Kep- 
ler's law of the periodic times, which is found to hold good here 
as well as in the system of Jupiter. It exhibits, like the satellites 
of Jupiter, periodic variations of light, which prove its revolution 
on its axis in the time of a sidereal revolution about Saturn. 
The next satellite in order, proceeding inwards, ia tolerably con- 
spicuous ; the three next are very minute, and require pretty 
powerful telescopes to see them ; while the two interior satelhtes, 
which just shirt the edge of the ring, and move exactly in its 
plane, have never been discovered but with the most powerfiil 
telescopes which human art has yet constructed, and then only 
under peculiar circumstances. At the time of the disappearance 
of the rings (to ordinary telescopes) they were seen by Sir Will- 
iam Herscbel wiUi his great telescope, projected along the edge 
of the ring, and threading like beads the thin fibre of light to 
which the ring is then reduced. Owing to the obliquity of the 
ring, and of the orbits of the satellites to that of their primary, 
there are no eclipses of the satellites, the two interior cues ex- 
cepted, until near the time when the ring is seen edgewise.* 

347. Uranus is the remotest planet beloi^ing to our system, 
and is rarely visible except to the telescope. Although his diam- 
eter is more than lour times that of the earth, (35,112 miles,) yet 
his distance from the sun is likewise nineteen times as great as 
the earth's distance, or about 1,800,000,000 miles. His revolution 
around the sun occupies nearly 34 years, so that his position in 
the heavens for several years in succession is nearly stationary. 
His path lies very nearly in the ecliptic, being inclined to it less 
than one degree, (Ifr 28".44.) 

* Sir J. Herachel. 
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The sun hmuelt when seen from Urahm dwindles almost to a 
star, sabtending as it does an -angle of only 1' 40" ; so that the 
surface of tiie mm would appear th«e 400 times less than it does 
to us. ' 

This planet was discOTered by Sir William Herachel on tin 
13th of March, 1781. His attention was attracted to it by the 
torgenesB of its disk in the telescope ; and finding that it ^fted 
its place among the stars, he at first took it for a comet, but soon 
perceived that its orbit was not eccentric like the orbits of comets, 
but nearly circular like those of the planets. It was then rcc(^< 
niced as a new member of the planetary system, aconclosion 
which has been justified by all succeeding observations. 

348. Uranus is attended by tix aatelHUs. So minute objects 
are they that they can be seen only by powerful telescopes. In- 
deed the existence of more than two is stitl considered as some- 
what doubtful. These two, however, offer remarkable, and 
indeed quite unexpected and unexampled peculiarities. Contrary 
to the unbroken analogy of the whole planetary system, the 
planes of their orbits are nearly perpertdicular to the ecl^tie, 
being inclined no less than 78° 58' to that plane, and id these 
orbits their motiona are retrograde; that is, instead of advancing 
from west to east around their primary, as is the case with all the 
other [danets and satellites, they move in the opposite directioo.* 
With this exception, all the motiona of the pluiele, whether around 
their own axes, or around the sun, are frcm west to east. 

or TBS raw PbANBTS, CEBXS, tAIAaAS, JUHO, AWD VXSI^ 

349. The commencement of the present century was rendered 
memorable in the annals of astronomy, by the discovery of four 
new planets between Mars and Jupiter. Kepler, from soma 
analogy which he found to subsist among the distances of the 
pUnets from the sun, had long before suspected the existence of 
one at this distance ; and his conjecture was rendered more prob- 
able by the discovery of Uranus, which follows the analogy of 
the other {Janets. So strongly, indeed, were astronomers im- 

• * Sir /. Haraeb*!. 
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pressed with the idea that a ^aoet would be found between Hars 
and Ju{ttter, that, in the hope of diacovering it, an association was 
formed on the continent of Europe of twenty four observers, who 
divided the sky into as many zones, one of which was allotted to 
each membei of the association. The discovery of the first of 
these bodies was however made accidentally by Piazzi, an astron- 
omer of Palermo, on the first of January, 1801. It was shortly 
afterwards lost sight of on account of its proximity to the sun, 
and was not seen again until the close of the year, when it was 
re-discoveied in Germany. Piazzi called it Ceres in honor of the 
tutelary goddess of Sicily, and her emblem, the sickle ; , has 
been adopted as its ap|Rt>priate symbol 

The difficulty of finding Ceres induced Dr. Olbers, of Bremen, 
to examine with particnlar caie all the small stars that lie near 
het path, as seen from the earth ; and while pcosecnting these 
observations, in March, 1802, he discovered another simitar body, 
very nearly at the same distance &om the sun, and resembling tbe 
former in many other particulars. The discoverer gave to this 
second planet the name of PaUaa, choosing for its symbol the 
lance $ , the characteristic of Minerva. 

350. The most surt«ising ciicnnutance coimected with tba 
discovery of Pallas, was the existence of two planets at nearly the 
same distance from the sun, and a[^)arently having a common node. 
On account of this singularity, Dr. Olbers was led to conjecture 
that Ceres and Pallas are only fiagmenu of a lai^r planet, which 
had formeriy circulated at the same distance, and been shattered 
by some internal convulsioit La Orange, a mathematician of the 
first eminence, investigated the forces that would be necessary to 
detach a fragment from a planet with a velocity that would cause 
it to describe such orbits as these bodies are found to have. The 
hypothesis suggested the probability that there might be other 
fi-agments, whose orbits, however they might differ in eccentricity 
and inclination, might be expected to cross the ecliptic at a com- 
mon point, or to have the same node. Dr. Olbers, therefore, iwo- 
posed to examine carefully every month the two opposite parts 
of the heavens in which the orbits of Ceres and Pallas intersect 
wie another, with a view to the discovery of other t^anets, whick 
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might be sought for in those parts with greater chance of success 
than in a wider zone, embracing the entire Umits of these orbits. 
Accordingly, in 1804, near one of the nodes of Ceres and Pallas, 
a third planet was discovered. This was called Juno, and the 
character S was adopted for its symbol, representing the starry 
sceptre of the qneen of Olympus. Pursuing the sam& reseazches, 
in 1807, a fourth planet was discovered, to which was given the 
tuune of Vota, and for its symbol the character t was chosen, 
an altax surmounted with a censer holding the sacred fire. 

After this historical sketch, it will be sufficient to classify under 
a few heads the most interesting partioulajs relating to the New 
Planets. 

3dl. The averctge distance of these bodies from the son is 
261,000,000 miles ; and it is remarkable that their orbits are very 
near together. Taking the distance of the earth from the sun 
for unity, their respective distances are 2.77, 2.77, 2.67, 2.37. 

As they are found to be governed, like the other members of 
the solar system, by £e{^er'8 law, that regulates the distances 
and times of revolution, their pertpdical times are of course pretty 
nearly equal, averaging about 4i years. 

In respect to the inctination of their orbits, there is considerable 
diversity. The orbit of Yesta is inclined to the ecliptic only 
about 7°, while that of FaUae is more than 34°. They all there- 
fore have a higher inclination than the orbits of the old planets, 
and of Qoursa make excursions from the ecliptic beyond the limits 
of the Zodiac. 

The eccentricity of their orbits is also, in general, greater than 
that of the old planets ; and the eccentricities of the orbits of 
Pallas and Juno exceed that of the orbit of Mercury. 

Their smalt size constitutes one of their most remarkable pe- 
culiarities. The difficulty of estimating the apparent diameter 
of bodies at once so very small and so far off, would lead us to 
expect differ^it results in the actual estimates. Accordingly, 
while Dr. Herschel estimates the diameter of Pallas at only 80 
miles, Schroeter {daces it as high as 2,000 miles, or about the size 
of the moon. The volume of Testa is estimated at only one 
fifteen thousandth port of the earth's, and bei surface is only 
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about equal to that of the kiogdom of Speiti.* These tittia 
bodies ate snttouoded by atmospherea of great extent, some of 
which are uncommonly lumi/ious, and others appear to consist of 
nebulous matter. These planets in genera! abine with a mozo 
vivid light than might be expected fiom their great distance and 
diminutlTe size. 



CHAPTER XI. 
MOTiona or the flaketikt anriK. 

362. We have waited until the learner may be supposed to be 
fiontliar with the contemplation of the heavenly bodies, individ- 
ually, before inviting his attention to a systematic view of the 
iJanets, and of their motions around the sun. The time has now 
arrived for entering more advantageously upon this subject, than 
could have been done at an earlier period. 

There are two methods of arriving at a knowledge of the mo- 
tions of the heavenly bodies. One is to begin with the apparent, 
and from these to deduce the real motions ; the other is, to begin 
with considering things as they really are in nature, and then to 
inquire why they appear as they do. The latter of these methods 
is by far the more eligible ; it is much easier than the other, and 
proceeding from the less difficult to that which is more difficult, 
fiom motions that are very simple to such as are complicated, it 
finally puts the learner in possession of the whole machinery of 
the heavens. We shall, in the first |dace, therefore, endeavor to 
introduce the learner to an acquaintance with the simplest mo- 
tions of the planetary system, and afterwards to conduct him 
gradually through such as are more complicated and difficult. 

3S3. I^et us first of all endeavor to acquire an adequate idea of 
ahaohite apace, such as existed before the creation of the world. 

' New Edcjc. Bill. Art. Artranomg, 
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We ehall find it do easy matter to form a correct notion of iofinita 
space ; but let us fix our attention, for some time, upon eztensioa 
alone, devoid of every thing material, without . light ot life, and 
without bounds. Of such a space we could not {redicate the 
ideas of up or down, east, west, nwth, or south, but all reference 
to our own horizon (which habit is the mort diffictilt of all lo 
eradicate from the mind) must be completely set aside. Into 
0Uch a void we would introduce the Son. We would contem- 
|4ate this body alone, in the midst of boundless space, and c<m- 
tinne to fix the attention upm this object, imtil we had iiiUy 
settled its relations to the surrounding void. The ideas of up and 
down would itow [sesent tbemfielves, but as yet thae would bo 
nothing to suggest any notion of the cardinal points. We suppose 
ourselves next to be {daced on the surface of the sun, and the fir- 
mament of stars to be lighted up. The slow revolutitm of the sun 
on his axis, would be indicated by a corresponding movement of 
the stars in the of^tosite direction ; and in a period equal to more 
than 27 of our days, the spectator would see the heavens perfonn a 
complete revolution around the sun, as he now sees them revolve 
around the earth once in 24 hours. The point of the firmament 
where no motion s^ipeaied, would indicate the position of one of 
the poles, which being called Northj the other cardinal points 
would be immediately suggested. 

Thus prepared, we may now eater upon the connderation of 
the fian^aty motions. 

364. Standing on the sun, we see all the jdanets moving slowly 
around the celestial a^diere, nearly in the same great high way, 
and in the same direction irom west to east. They move, how- 
ever, with very unequal velocities. Mercury makes very percep- 
tible progress fiom night to night, like the moon revolving about 
the earth, his daily progress eastward being about one third as 
great as that of the moon, since he completes his entire revolu- 
tion in about three months. If we watch the course of this 
planet from night to night, we observe it, in its revolution, to 
cross the ecliptic in two opposite points of the heavens, and wan- 
der about 7° from that plane at its greatest distance from it. 
Knowing the position of the orbit of Mercury with respect to 
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the ecliptic, we may now, in imagiDatioD, reiveseDt that orbit 
by a great circle passing thnmgfa the center of the planet and 
the center of the sun, and cutting the pdane of the ecliptic in two 
opposite points at an angle of 7°. We may imagine the inter- 
sectioD of these two great circles, with the celestial vault to be 
marked out in jdain and palpable lines on the face of the sky ; 
but we must bear in mind that these orbits are mere mathemat- 
ical planes, having no permanent existence in nature, any more 
than the path of an eagle flying through the sky ; and if we 
conceive of their orbits as marked on the celestial vault, we must 
be careiiil to attach to the rejoesentation the same notion as to a 
thread or wire catried roimd to trace out the course pursued by a 
horse in a lace^round.* 

The planet of both the ecliptic and the orbit of Mercury, may 
be conceived of as indefinitely extended to a great distance until 
they meet the sphere of the stars ; but the Unea which the earth 
and Mercury describe in those planes, that is, their orbits, may be 
conceived of as compatativety near to the aun. Conld we now 
for a moment be permitted to imagine that the planes of the 
ecliptic, and of the orbit of Mercury, were made of thin [dates 
of gla^ and that the paths of the respective [Janets were marked 
out on their {danes in distinct lines, we should perceive the orbit 
of the earth to be almost a perfect circle, while that of Mercury 
would appear distinctiy elliptical. But having once made use of 
a palpable sur&ce and visible lines to aid us in giving poation 
and figure to the planetary orbits, let us now throw aside these 
devices, and hereafter conceive of these [danes and orbits as they 
are in nature, and learn to refer a body to a mere mathematical 
plane, and to trace its path in that plane through absolute space. 

366. A clear understanding of the motions of Mercury and of 
the relation of its orbit to the plane of the ecliptic, will render it 
easy to understand the same particulars in regaid to each of the 

* It would Mem luparfluom to oaation the reader on to pluD ■ pniot, did Dot 
the experiance of tha jiutnictor caoiUntlj ahon that foueg levnerB, fi-om tbo 
hibil of weing the celeatial motjoni repreaenled in orrsrioa and diapami, ilmost 
always fiUI into the atwurd notion of consideiing the oibiti oT the planala u har. 
ii^ a diftinct and iDJepaiideDt ei ~ 
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other planets. Standing on the son we should see each of the 
. pdanets puisoing a similar conns to that of Mercury, all moving 
from west to east, with motions difTeriug from each other chiefly 
in two respects, namely, in their velocities, and in the distances 
to which they ever recede from the ecliptic. 

The earth revolves about the san very much like Venus, and 
to a spectator on the sun, the motrons of these two planets would 
exhibit much the same appearances. We have supposed the ob- 
server to select the plane of the earth's orbit as his standard of ref- 
ereuce, and to see how each of the other orbits is related to it ; 
but such a selection of the ecliptic is entirely arbitrary ; the spec- 
tator on tbe sun, who views the motions of the planets as they 
actually exist in nature, would make no such distinction between 
tbe different orbits, but merely inquire how they were mutually 
related to each other. Taking, however, the ecliptic as the jdane 
to which all the others are referred, we do not, as in the case of 
the other planets, inquire how its plane is incUned, nor what are 
its nodea, since it has neither inclination nor node. 

356. Such, in general, are the real motions of the planets, 
and such the ^pearances which the planetary system would ex- 
hibit to a spectator at the center of motion. But in order to rep- 
resent correctly the positions of tbe planetary orbits, at any given 
time, three things must be regarded, — tbe IncSnation of the orbit 
to the ecliptic — the position of the Une of the Nodes — and the 
position of the Une of the Apsides. In our common diagrams, 
the OTbits are incorrectly represented, being all in the same plane, 
as in the following diagram, where AEB (Fig. 66,) represents 
the orbit of Mercury as l3ring in the same plane with the ecliptic. 
To exhibit its position justly (AB being taken as the line of the 
nodes) it ^ould be elevated on one side about 7^ and depressed 
by tbe same number of degrees on the other side, turning on tbe 
Une AB as on a hinge. But even then tbe representation may be 
incorrect in other respects, for we have taken it for granted that 
the line of the nodes coincides with the line of the apsides, or 
that the orbit of Mercury cuts the ecliptic in the Une AB. Whereas, 
it may Ue in any given podtion with respect to the line of the 
apsid^ depending on the longitude of tbe nodes. If, for exant- 
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pie, the line of the nodes had chanced to pass thiongh Tauroa 
and Scorpio instead of Cancer and Capricorn, then it would hare 
been lepieaented by the line B m instead of SVS, and the plane 
vhen derated or depressed with tespect to the plane of the equa- 
tor, would be turned on this line in our figure.* Moreover, our 
diagnm represents the line of the apsides as passing throng 
Cancer and Capricorn, whereas it stay hare any other position 
among the signs, according to tha longitudes of the perigee and 
apogee. 

357. The attempt to exhibit the motions of the solar system, 
and the positions of the planetary orbits by means of diagrams, 
or even orreries, is usually a failure. The student who relies ex- 
clusively on such aids as these, will acquire ideas on this subject 
that are both inadequate and erroneous. They may aid reflection, 
but can never supply its place. The impossibility of represent- 
ing things in their just proportions will be evident when we re- 
flect, that to do this, if, in an orrery, we make Mercury as lai^e as 
a cheiry, we should require to refvesent the sun by a globe six 

* Tb« Imumt will find it nseAil to conimict taah repreMDtaliona of th« iddIubI 
raUtlODi of tfas planetirj' orttiti of prate bowxl. 
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feet m diameter. If we preserre the same proportions in regard 
to distance, we must place Mercury 260 feet, and Uranus 12,500 
feet, or more than two miles from the sun. The mind of the 
student of astronomy must, tlierefore, raise itself from such im- 
perfect representations of celestial phenomena as are afforded by 
artificial mechanism, aad, traaaferring bis contemplations to the 
celestial regions themselves, he must conceive of the sun and 
l^anets as bodies that bear an insignifictmt ratio to the immense 
qiaces in which they circulate, resembling more a few little 
birds flying in the open sky, than they do the crowded machinery 
of an orrery. 

358. Having acquired as correct an idea as we are able of the 
planetary system, and of the positions of the orbits with respect 
to the ecliptic, let us next inquire into the nature and causes of 
the apparent motions. 

The apparent motions of the planets are exceedingly unlike 
the real motions, a fact which is owing to two causes ; first, we 
view them out of the center of their orbits ; secondly, we are our- 
selves in motion. From the first cause, the apparent {^es of the 
{Janets are greatly changed by perspective ; and fiom the second 
cause, we attribute to the planets changes of |Jace which arise 
fiom our own motions of which we are unconscious. 

369. The situation of a heavenly body as seen from the center 
of the sun, is called its keUoeentrie ^iace ; as seen from the cen- 
ter of the earth, its geocentric {dace. The geocentric motions of 
the planets must, according to what has just been said, be far 
moro irregular and complicated than the heliocentric, as will be 
evident from the foUowit^ diagram, which represents the geocen- 
tric Diottons of Mercury for two entiro revolutions, embracing a ■ 
period of nearly six moths. 

Let S (Fig. 66,) represent the bud, 1, 2, 3, &.c. the orbit of 
Mercury, a, b,c, &c. that of the earth, and GT the concave sfdiera 
of the heavens. The <ahit of Mercury is divided into 12 equal 
parts, each of which he describes in 7} days, and a portion ot 
the earth's orbit described by that body in the time that Mercury 
describes the two complete revolutions, is divided into 24 equal 
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parte. Ist us nov suppose tbAt Hereury is at the point 1 in his 
orbit, when the earth is at the point a ; Meicory will then appear 
in the heavens at A.' In 7^ days Mercury will have reached 2, 
while the earth has reached b, when Mercury will f^pear at B. 
By laying a luler on the point e and 3, d and 4, and so on, in the 
order of the ^phabet, the successive apparent places of Mercury 
in the heavens will be obtained. 

From A to C, the apparent motion is direct, or in the^rder of 
the signs ; from C to G it is retrograde ; at G it is statiooary 
awhile, and then direct through the whc^ arc GT. At T the 
planet is again stationary, and afterwaida letrogiade along the 
arcTX. . 

360. Venus exhibits a variety of motions similar to those of 
Mercury, except that the changes do not succeed each other so 
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rapidly, since her period of revolution apptoacfaes much more 
nearly to that of the earth., 

261. The apparent motions of the superior planets, are, like 
those of Mercury and Tenus, alternately direct, stationary, and re- 
trograde. Id this case, hovever, the earth mores faster than the 
planet, and the planet has its opposition but no inferior conjunc- 
tion, vhereaa an inferior planet has its inferior conjunction, but 
no opposition. These differences render the apparent motions of 
the superior [danets in some respects imlike those of Mercury and 
Tenus. When a superior planet is in conjunction, its motion is 
direct, because, as in the case of Tenus in her superior conjunc- 
tion, (See Fig. 60,) the only effect of the earth's motion is to 
accelerate it ; but when the planet is in oppositioD, the earth is 
moving past it with a greater velocity, and makes the planet seem 
to move backwards, like the apparent backward motion of a 
vessel when we overtake it and pass rapidly by it in a steamboat. 

362. But the various motions of a superior planet will be best 
imderstood from a diagram. Hence, let 8 (Fig. 67,) be the sun ; 
B, C, D, E, the orbit of the earth ; i, (^ rf, &c. the orbit of a su- 
perior {danet, as Jupiter for example ; and VE/ a portion of the 
concave E^here of the heavens. Let bm be the arc described by 
JufHter in the time the earth describes the arc BM ; let be, cd, 
and de, &c. be described by Jujaier while the earth describes BO, 
CD, and DK Now when the earth is at B and Jupiter at b, he 
will appear in the heavens at B'. When the earth reaches C, the 
planet reaches c and will be seen at C, his motions having been 
direct from west to east While the earth moves from G to D 
and from D to E, Jupiter has moved from c to d, and from dtoe, 
and will appear to have advanced among the stars from C to !>, 
and from IK to E', his motion being still direct, but slower than 
before, as he has passed over only the space D'E' in the same 
time that he before moved through the greater spaces B'C and 

C'ly. 

During the motion of the earth from E to F, and of Jupiter 
from « to /, the earth passes by Jupiter ; and not being conscious 
of our own motion, Jupiter seems to us to have moved backward 
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Fig. S7. 




from E' to F'. At E' where the direct motion was changed to a 
retrograde, he would appear to be stationary. Upon the arriral 
of the earth at G, and of Jupiter at g, in oppo^tion to the sun, 
Jupiter will appear at O', having moved with apparently great 
velocity over a lai^e space F'C. While the earth passes from Q 
to H, and from H to I, and Jupiter from g* to A, and from h to i, 
he wiU appear to have moved from G' to I'. At I' he will again 
appear stationary in the heavens ; but when he advances from i 
to A: in the time the earth moves from I to E, he has described 
the arch !'£', and has therefore resumed his direct motion from 
west to east While the earth moves from K to L and from L to 
M, and Jupiter through the corresponding spaces kl and Im, the 
planet will appear still to continue his direct motion from K' to L' 
and from L' to M' in the heavens. 

Thus, during a period of six months, while the earth is per- 
fonning one half of her annual circuit, Jupiter has a diversity of 
motions, all performed within a small portion of the heavens. 
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CHAPTER XII. 

nVTKBMJSATIOV Of THE PIOIOITABT OBBITS KXFLEH's DISCOTX- 

BIX8 ELEKENTS OF THI OBBIT OF JL PLANET ftPANTITT Of 

MATFEB in THE 8US AHD PlOIiXTS-— STIBIUTT Or THE BOLAB 
STSTElf. 

363. In chiqrter 11, we hare shown that the figare of the earth's 
orbit is an ellipse, having the sun in one of its foci, and that the 
earth's radius rector describes eqnal areas in equal times ; aod in 

' Chapter m, we have remarked that these are oaly particolat 
examples under the law of Universal Giavitation, as is also the 
additional &ct, that the squares of the periodical times of the 
|danets are as the cubes of the major axes of their orbits. We 
may now learn, more particularly, the process by which the 
illustrious Eepter was conducted to the discovery of these/grand 
laws of the planetary system. 

364. Ptolemy, while he held that the orbits of the jdanets were 
perfect circles in which the planets revolved uniformly about the 
earth, was nevertheless obUged to suppose that the earth was 
situated out of the center of the circles, and that si the same 
distance on the other side of the center was situated the point 
(jmnctiim a^uans) about which the angular motion of the body 
was equable and uniform. In regard to the orbit of the son, 
however, the earth was held to occupy the exact center. On 
Dearly the same suppositions, Tyeho Bnihe had oiade a great 
number of very accurate observations on the [Janetary motions, 
which served Kepler as standards of comparison for results, which 
he deduced from calculatioos founded on the apphcalion of geo- 
metrical reasoning to hypotheses of his own. 

Kepier first ^plied himself to investigate the orbit of Uars, 
the motions of which planet aifteaied more irregular than those 
of any other, except Mercury, which, being seldom seen, had 
then been very little studied. According to the views of Ptole- 
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my and Tycbo, he at first supposed the orbit to be circular, aad 
the planet to move unifonnly about a point at a certain distance 
fiom the sun. He made seventy suppositions before be obtained 
one that agreed with obssiratioD, the calculation of which was 
extremely long and tedious, occupying him more than fire years.* 
Ilw suppocdtioQ o( an equaUe motion in a circle, however varied, 
conld not be made to conform to the obeervatianB of Tycho, 
whereas the aappositton that the crtit was of an oval figure, de- 
pressed at the sides, but coinciding with a circle at the perih^on, 
agreed very nearly with observation. Such a figure naturally 
m^eated the idea of an dhpse, and reasoning on the known 
pHNperties of the ellipse, and comparing die results of calculatioD 
irith actual observation, the agreement was such as to leave no 
doubt that the ottHt <^ Mats is an ellipse, having the sun in one 
of the foci. He immediately conjectured that the same is tioe 
ot the orbits of all the other jdanets, and a similar eompahsou of 
this hypothesis with observation, confirmed its truth. Hence he 
•stabli^ted the first great law, that the planeta resolve about the 
tun in eWpaef, having tiu wn ■» OTte of the fad. 

365. Kepler also discovered from observation, that the veloci- 
ties of the planets when in their apcides, are inversely as their 
distances fr<an the sun, whence it follows thiU they describe, ia 
these points, equal tireas about the sun in equal times. Although 
be could not prove, from observatim, Uiat the same was true in 
every point of the orbit, yet he had no doubt that it was so. 
Therefore, assuming this [ainciple as true, and hence deducing 
the equation of the center, (Art. 200,) he fiiund the result to agree 
with observation, and there&re concluded in general, thai the 
planeta detaibe about the awn equal areas in equal Umes. 

366. Having, in his researches that led to the discovery of the 
first of the above laws, found the relative mean distances of the 
planets from the sun, and knowing their periodic times, Kepler 
next endeavored to ascertain if there was any relation between 

■ Si ta haju* laboriowc metbodi pertnaum (iierit, jura mei le misereat, qui eun 
»d minimum Mplntgiei ivi cum plurima temporis jadun ; et mirari dosiiHs hunc 
quinliim Jam umuin abire, ex quo Hartem aggTMaut mm, 
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them, bavii^ a Btrong posaioii for finding uulogies in natiue. 
He saw tba( the more distant a planet was from the sun, the 
slower it moved ; so that the periodic times of the more distant 
planets would be increased oa tiro accounts, first, because they 
move over a greater space, and secondly, because their motions in 
their orbits is actually slower than the motions of the planets 
nearer the sun. Saturn, for example, is 9^ times furth;er fixsu the 
sun than the earth is, and the circle described by Saturn is greater 
than that of the earth in the same ratio ; and since tbs earth re- 
volves around the sun in one year, were their velocities equal, 
the periodic time of Saturn would be 9} years, whereas it is 
nearly 30 years. Hence it was evident, that the periodic timea 
of ^e planets increase in a greater ratio thao theii diataiK^s, hot 
in a less ratio than the squares of their distances, for on that sup* 
position the periodic lime of Saturn would be about 90^ years, 
Kepler then took the squares of the times and ctoapared diem 
with the cubes of the distances, and found an exact agrewnent 
between them. Thus he disiwrered the famous law, that ikt 
squares of the periodic times of all the pkmtia, areas the adtm 
Iff thar mean distances Jnm the «ui*.* 

This law is strictly true only in relation to planets whose quao* 
tity of matter in comparison with that of the central body is 
inappreciable. When this is not the case, the periodic time is 
shortened in the ratio of the square root of the sou's mass divi- 

/ M \i 
ded by the sun's plus the jJanet's mass [wz^j ' '^^^ ""^^ *** 

most of the planets is so small compared with the sun's, that this 
modification of the law is unnecessary except where extreme ac- 
curacy is required. 

ELEVENTS OE THE PLAITITART OBBITS. 

367. The particnlais necessary to be known in oidei to detei^ 
mine the precise situation of a ^^oDet at any instant, are called 
the Elements of its Orbit. They are serm in number, of whidi 
the first two determine the absolute utnatiMi of the ortHt, and the 



■ ViiMe'i ConplaM 87Mam, 1, 96. 
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Other fire relate to the motion of the planet in its orbit. These 
elements are, 

(1.) TTie position of the Une of the nodes. 

(2. ) The inclination to the ecSplic. 

(3.) The periodic time. 

(4.) The mean distance from the sun, or semi^aeis major. 

(6.) Tht eccentricity. 

(6.) The place of the periheHon. 

(7.) Theplace of th&plana in its orhit at aparticular gnxh. 

368. It may at first viev be supposed that we can i»!oceed to 
find the elements of the orbit of a planet in the same manner aa 
we did those of ihe eolai or lunai orbit, namely, by observations 
on the right ascension and declination of the body, converted into 
latitudes and longitudes by means of spherical trigonometry, ( See 
page 69.) But in the case of the moon, we are situated in the 
center of her motions, and the apparent coincide with the real 
motions ; and, in respect to the sun, our observations on his ^^- 
jparent motions gire us the earth's real motions, allowii:^ 180° 
difference in longitude. But, as we have already seen, the mo< 
tions of the planets appear exceedingly different to us, &om what 
they would if seen from the center of their motioas. It is ne- 
cessary therefore to deduce hYim observations made on the earth 
tiie corresponding results as they would be if viewed fixnn the 
center of the sun ; that is, in the language of astronomers, hav- 
ing the geocentric place of a planet, it is required to find its Aefiih 
ceniric place. 

369. The first steps in this jsocess are the same as in the case 
of the sun and moon. That i^ for the purpose of finding the 
right ascen^on and decUnation, the {Janet is observed on the me- 
ridian with the Transit Instrument and Mural circle, (See Arts. 
lSdand230,) and from these observations, the '^aasVa geocentric 
longitude and latitude are computed by spherical trigonometry. 
The distance of the planet from the sun is known nedrly by 
Kejder's law. From these dfUa it is required to fiod the heho- 
centric longitude and latitude.- 
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Let S and E (Fig. 68,) be the sun and earth, P the [Janet, PO 
a line drawn from P peipendicular to the ecliptic, SA the direc- 
tion of Arie3, and EH paiallel to SA, and therefore (on account of 
the in:\mense distance of the &xed stars) also in the direction of 
Aries. Then OEH, being the apparent distance of the planet 
from Aries in the direction of the ecliptic, ia the geocentric lon- 
gitude, and OEP, being the appar^it distance of the pUnet from 
the ecliptic taken on a secoadaiy to the ecliptic, is the geocentric 
latitude. It is obvious also that the angles OSA and 1^0 are 
P Fig. 68. 




the heliocentric longitude and latitude. The planet's ai^Iar 
distance from the sun, PES, is also known from observation. 
Hence, in the triangle SEP, we know SP and SE and the angle 
SEP, from which we can find PE ; and knowing PE and tiie 
angle PEK), we can find OE, since OEP is a right angled triangle. 
Hence in the triangle SEO, ES and EO, and the angle SEO 
(=OEH-SEH«difference of longitude of the planet and the 
sun ) are known, and hence we can obudn OSE, (Art. 135, ) which 
added to the sun's lot^itude E3A, gives us OSA the planet's Ae- 
Uocentric longitude. 
Also, because P3 i Rad. : : OP : Sin. PSO 

.-. PS xSin. PSO=OPxRad. 
But EP ; Rad.::OP : Sin. OEP 

.-. EPxSin. OEP=OPxRad. 
.-. PSxSin. PSO=EPxSin. OEP 
.-. PS : EP: :Sin. OEP : Sin. PSO. 
The first three terms of this proposition being known, the last 
18 found which ia the heUoceTiiric latitTule.* 



■ Brmkl>]r'i Elemehta of Aitronomy, p. 164. 



..Google 



218 TB« PLAMCT9. 

370. Having now learned hov obseFTatioDS made at the earth 
may be converted into corresponding obBeirationa made at the 
nin, we may proceed to explain the mode of finding tho sereral 
elements before eouoierated ; although our limits will not permit 
ua to enter farther into detail on this subject, than to explain the 
leading principles on wbii^ each of these elemests is determined.* 

37L First, to determine the poaitim of the Nodes, and the /»- 
cltnation of the Orbit. 

These two elements, whieh determine the oibit, (Art. 368,) 
may be derived frmn two heliocentric longitudes and latitudes. 
Let AK and AS (Fig. 69,) be two Fig. 69. 

heliocentric longitudes, PR. and Q,S 
the heUocentric latitudes, and N the 

ascending node. Then, by Napier's 

theorem, (Art. 132.) a .. - - 

Sin.NR(=AR-AN) „ 8in.NS (=AS-AN) 

Sin. ARxcos.AN- co s.ARxsin. ANf ^ 
lan. PR 
sin. ASxcos. AN— cos. ASxsin. AN 
tan.Q.3 ' 

Sin. ARxtan. ftS-sin. ASxtaa. PR 

" cos. AN "Cos. ARxtan. <iS-cos. ASxtan.'Ptt' 
But AN is the longiiitde of the ascending node ; and its value 
is found in terms of the heliocentric longitudes and latitudes pre- 
viously determined, (Art. 369.) 

Again, since AN is found, we may deduce fixnn the first equa- 
tion above the value of PNR, which is the indinaMan of the 
orbit.% 

372. Secondly, to find the Periodic Time. 
This element is leamed, by marking the interval that passes 
from the time when a planet is in one of the nodes until it re- 

* Hott of these elemmH admit of being determined in eeversl different wajt, 
■n eiplansdon of which ma; ha fband in tlie larger worki on Aatronomy, a* 
Vinee'i Complete Sjilem, Tol. 1. Gregorj'* Ait. p. SIS. / Woodhouae, p. G6SL 

I Da^'i Trig. An. 206. t BrinUej, p. 166. 
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turns to the same node. We may know when a planet is at the 
node because then its latitude is nothing. If, from a series of 
obserrations OQ the right ascension and decUnation of a planet, 
we deduce the latitudes, and find that one of the obserrations 
gires the latitude 0, we infer that the planet was at that moment 
at the node. But if, as commonly happens, do obserTation gives 
exactly 0, then we take two latitudes that are nearest to 0, but 
tm opposite sides of tb^ ecliptic, one sottth and the other north, 
and as the sum of the arcs of latitude is to the whole interval, 
■0 is one of the arcs to the coiresinnding time in which it was 
described, which time being added to the first observation, or 
subtracted from the second, will give the precise moment when 
the i^anet was at the node. 

By repeated observations it is found, that the nodes of the 
{lanets hare a very slow retrograde motion. 

373. If the orbit of a planet cat the ecliptic at right angles, 
then small differences of latitude would be appreciable j but in 
fact the planetary orbits ate in general but little inclined to the 
ecliptic, and some of them lie almost in the same plane with it. 
Hence arises a difficulty in ascertaining the exact time when a 
planet reaches its node. Among the most valuable observations 
for determining the elements of a planet's orbit, are those made 
when a superior [Janet is in or near its opposition to the sun, for 
then the heliocentric and geocentric longitudes are the same. 
When a number of oppositions are observed, the planet's motion 
in longitude as would be observed from the sun will be known. 
The.inferior planets, ^so, when in superior conjunction, have 
their geocentric and heliocentric longitudes the same. When in 
inferior conjunction, these longitudes differ 180° ; but the infe- 
rior planets can seldom be observed in superior conjunction, on 
account of their proximity to the sun, nor in inferior conjunction 
except in their tranats, which occur too rarely to admit of obser- 
vations sufficiently numerous. Therefore, we cannot so readily 
ascertain by simple observation, the motions of die inferira plan- 
ets seen from the sun, as we can those of the superior.* 



' Briidtle?, p. 167. 
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Hettee, ia order to obtain accurately the periodic time of a 
planet, vre find the interval elapeed between tvo opposiCions 8^ 
anted by a long interval, when the {dauet waa nearly in the san» 
part of the Zodiac. From the periodic time, as determined ap- 
proximately by other methods, it may be found when the planet 
has the same heliocentric longitude as at the first observation. 
Hence the - time of a com^dete number of revolutions will be 
known, and thence the time of one revolution. The greater the 
interval of time between the two oppMitions, the more accurately 
the periodic time will be obtained, because the errors t^ observa- 
tion will be divided between a great number of periods ; there- 
fore by using very accurate observations, much precision may be 
attained. For example, the planet Saturn was observed in the 
year 228 B. C. March 2, (according to our reckoning of time,) to 
be near a certain star called r Virginia, and it was at the same 
time nearly in opposition to the sun. The same planet was ^atn 
observed in opposition to the son, and having nearly the same 
longitude in Feb. 1714 The exact difference between these 
dates was 19^y. Il8d.21h. 15m. It is known from other sources, 
that the time of a revolution is 29^ years nearly, and hence it 
was found that in the above period there were 66 revolutions of 
Saturn ; and dividing the interval by this number, we obtain 
29.444 years, which is nearly the periodic time of Saturn accord- 
ing to the most accurate determination. 

374 Thirdly, to determine the distance Jrom the gun, and 
major axes of the planetary orbits. 

The distance of the earth from the sun being known, the mean 
distance of any planet (its periodic time being known) may be 
found by Kepler's law, that the squares of the periodic times are 
as the cubes of the distances. The method of finding the dis- 
tance of an inferior planet from the sun by observations at the 
greatest elongation, has been already explained, (See Art. 308.) 
The distance of a niperior planet may be found from observa- 
tions on its retrograde motion at the time of opposition. The 
periodic times of two planets being known, we of course know 
their mean angular velocities, which are inversely as the times. 
Therefore, let E« (Fig. 70,} be a very small portion of the earth's 
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orbit, and Mm a corresponding portion of that of a superior pdanet, 
described on the day of opposition, about the sun S, on which 
day the three bodies lie in one straight line SEIMX. Then the 
BDgle ESe and MSm, representing the respectire angular veloci- 

Fig. 70. 



ties of the tvo bodies are known. Now if em be joined, and 
prolonged to meet SM continued in X, the angle cXe, which is 
equal to the alternate angle Xey, being equal to the retrograda- 
tioQ of the planet in the same time (being known irom obserra- 
tion)is also given. Ee, therefore, and the angle EXe being 
given in the right angled triangle EeX, the side EX is easily cal- 
culated, and thus ^X becomea known. Consequently, in the 
triangle SmX, we hare given the side SX, and the two angles 
*»SX and fnXS, whence the other sides Sin and mX. are easily 
determined. Now Sm is the radius of the orbit of the superior 
planet required, which in tliis calculation is supposed circular as 
Well as that of the earth, — a supposition not exact, but sufficiently 
so to afford a satisfactory approximation to the dimensions of its 
orbit, and which, if the process be often repeated, in every variety 
of. situation at which the opposition can occur, will ultimately 
afford an average or mean value of its distauce fully to be de- 
pended on.* 

376. The transverse or major axes of the planetary orbits re- 
main always the same. Amidst all the perturbations to which 
other elements of the orbit are subject, the line of the apsides ia 
of the same invariable length. It is no matter in what direOion 
the planet may be moving at that moment. Various circum- 
stances wilt influence the eccentricity and the position of the 
ellipse, but none of them affects its length. 

376. Fourthly, to determine the place of the perihelion — the 
epoch of passing the perihelion — and the eccattrtdty. 

* Sir J. Hench«l. 
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There are Tarious methoda of finding the eccentricity of a 
pdanet's orbit and the place of the periheUrai, and of course the 
position of the line of the apsides. One is derived from the great' 
e»t equation of the center, (Art. 200.) The greatest equation is 
the greatest difference that occurs between the mean and the true 
motion of a body revolving; in an ellipse. It will be necessary 
first to explain the manner in which the greatest equation is found. 

Let ABBF (Fig. 71,) be the orbit of the planet, havir^ the 
sun in the focus at 3. In an ellipse, the square root of Uie pro- 
duct of the semi axes gives the radius of a circle of the same 



Fig. 71. 




area as the ellipse.* Therefore with 
th e cente r S, at the distance SE = 
V'AKxOK, describe the circle 
CEGP, then will the area of this 
circle be equal to that of the ellipse. 
At the same time that a planet de- 
parts from A the afdieUon, a body 
begins to move with a aniform mo- 
tion from C through the periphery 
CEQP, and performs a whole revo- 
lution in the same period that the 
{Janet describes the ellipse ; the mo- 
tion of this body will represent the 
equal or mean motion of the earth, 
and it will describe around S areas or sectors of circles which 
are jn^sportional to the times, and equal to the elliptic areas de- 
scribed in the same time by the planet. Let the equal motion, 
or the angle about S proportional to the time, be GSM, and take 
~ ASP equal to the sector CS&f ; then the place of the planet 
will be P ; MSC will be the mean anomaly, {Art. 200,) DSC the 
true amnnaly, and MSD the eqtuUion of the center. Since the 
sectors CSM and ASP are equal, and the part CSD is common to 
both, PACD and SDU are equal ; and since the areas of circular 
sectors are proportional to their arcs, the equation of the center is 
greatest when the area ACPD is greatest, that is, at the point E 
where the ellipse and circle intersect one another. For when the 
planet descends further, to R for instance, the equation becomes 

* Day'* Heniuralion. 
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proportional to .the difference of the areas ACK and mER, or to 
the area QBRm, V befog the situation of the body moTiog equa- 
bly ; for the sector CSV will be equal to the elliptic area A3B, 
and taldng away the common spaces ACE, KEim=the sector 
TSm=the equation. At the pomts E and F, where the circle 
and ellipse intersect, the radius vector of the earth and the radius 
of the circle of e^iable motion are equal, and of course those 
radii then describe equal' areas in equal times ; hence, when the 
real motion of the earth is equal to the meao.motion, the equation 
of the center is greatest.* The mean motion, for any given time^ 
is easily found ; for (he periodic time : 360 ; : the given time : the 
number of degrees for that time. Observation shows when tpe 
actual moUon of the planet is the same with this. 

377. Now the equation of the center is greatest twice in the 
revolution, on opposite sides of the orbit, as at E and F, which 
points lie at equal distances from the apsides ; and since the whole 
arc EAF or EBF is known from the time occapied in describing 
it, therefore, by bisecting this arc, we find the poitits A and B, 
the aphelion and perihelion, and consequently the position of the 
line of the apsides. The time of describing the area EBF b«ng 
known, by bisecting this interval, we obtain the moment of pass- 
ing the periheUon, which gives us the place of the pland in its 
orbit at a particular epoch. 

The amount of the greatest equation obviously depends on the 
eccentn'city of the orbit, »nce it arises wholly irom the departure 
of the ellipse from the figure of a perfect circle ; hence, the 
greatest equation affords the means of detemiining the eccentricity 
itself. In orbits of small eccentricity, as is the case with most 
of the phinetary orbits, it is found that the arc which measures 
the greatest equation is very nearly equal to the distance between 
the foci,t which always equals twice the eccentricity, the eccen- 
tricity being the distance from the center to the focus. Conse- 
quently, 67*^ 17' 44".8t t lad. : :half the greatest equation : the 
eecetUridty. 

* Grigory'i Aitronomj, p. 197. \ Tince'i Complete Sydem, 1, 113. 

X Ttw T*lM of «B arc «<iiial to nUmt; fbr 3.141E0 : 1 : : 180 : &7° 17' 44".e. 
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The foiegoing explatiations of the methods of finding the ele- 
ments of the orbits, will serre in general to show the learner how 
these particulars are or maybeascertaineij, yet the methods actu- 
ally employed are usually more refined and intricate than these. 
Id astronomy scarcely an element is f^sented simple and un- 
mixed with others. Its value when first disengaged, must par- 
take of the uncertainty to which the other elements are subject ; 
and can be supposed to be settled to a tolerable degree of correct- 
ness, only aftei multiplied observations and many terisions.* 

So arduous has been the task of finding the elements of the 
[danetary orbits. 

qUANTTIT or HATTEB IN THE SUN AND PLANXTS. 

378. It would seem at first view very improbable, that an in- 
habitant of this earth would be able to weigh the sun and plan- 
ets, and estimate the exact quantity of matter which they seve- 
rally contain. But the principles of Universal Gravitation conduct 
us to this result, by a process remarkable for its simplicity. By 
comparing the relations of a few elements that are known to us, 
we ascend to the knowledge of such as appeared beyond the pale 
of human investigation. We learn the quantity of matter in a 
body by the force of gravity it exerts. Lot us see how this force 
ia ascertained. 

379. The quantities of matter in two bodies, may be found in 
terms of the distances and periodic times of two bodies revolving 
around them respectively, bang as the cubes of the distances di- 
vided by the squares of the periodic times. 

The force of gravity G in a body whose quantity of matter is 
M and distance D, varies directly as the quantity of matter, and 

M 
inversely as the square of the distance ; that is, O <E7p' But it 

is shown by writers on Central Forces, that the force of gravity 
also varies as the distance divided by the square of the periodic 

D M D D' 

time, or G Gipj' Therefore, jcj-ocp;, and Mocpj^- Thus we 

may find the respective quantities of matter in the earth and the 
• WoodhouM, p. sw. 
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iUd, by comparing the distance and periodic time of the moon, 
revolviiig aroond the earth, with the distance and penodlc Ume of 
the earth revolring arotmd the son. For the cube of the moon's 
distance firom the earth divided by, the square of her jicriodic time, 
is to the cube of the earth's distance from the sun divided by the 
square of her periodic time, as the quantity of matter in the earth is 
^ ■ ^ ™ . 238S4fi* 96,000,000» , „«„„, 

tothatmtheaun. That is, o7 ~ §2 ~ • "365 2 56 ~ • ' ' 353,385. 

The moat exact determination of this ratio, gires for the mass of 
the 8aih3S4,936 times that of the earth. Hence it appears that 
the sun contains more than three hundred and fiAy four thou- 
sand times as much matter as the earth. Indeed the sun contains 
eight hundred times as much matter as all the planets. 

Another view may be taken of this subject which leads to the 
same result. Knowing the velocity of the earth in its orbit, we 
may calculate its centrijugal fortx. Now this force ia counter- 
balanced, and the earth retained in its orbit, by the attraction of 
the sun, which is proportional to the quantity of matter in the 
sun. Therefore we have only to see what amount of matter is 
required in order to balance the earth's centrifugal force. Is ia 
found that the earth itself or a body as heavy as the earth acting 
at the distance of the sun, would be wholly incompetent to fco- 
duce thia effect, but that in fact it would take more than three 
hundred and S&j four thousand such bodies to do it. 

380. The mass of each of the other planets UuU have aatdUtea 
may be found, by compaiii^ the periodic time of one of its satel- 
lites with its own periodic times.around the sun. By this means 
we learn the ratio of its quantity of matter to that of the sun. 
The masses of those jjanets which have no satelUtea, as Tentia 
or Mars, hare been determined, by estimating the force of attracr 
tion which they exert in disturbing the motions of other bodies. 
Thus, the effect of the moon in raising the tides, leads to a knowl- 
edge of the quantity of matter in the moon ; and the effect of 
Tenus in disturbing the motions of the earth, indicates her quaif 
tity of matter.* 
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3S1. The quantity of matter in bodies varies as their magni- 
tudes and densities conjointly. Hence, theit dennties vary aa 
their masses divided by their magnitudes ; and since we know 
the magnitudes of the i^aneta, and can compute as abore their 
masses, we can thus learn their densities, which, when reduced 
to a common standard, give us their specific gravities, or show us 
how much heavier they are than water. Worlds therefore are 
weighed with almost as much ease as a pebble or an article of 
merchandize. 

The detoMsa and apeHjie graviUea of the sun, moon, and plan- 
ets, are estimated as follows :* 





D»>ir. 


Sf^anUr. 


Sun, 


0.2643 


uot 


Moon, . . 


0.6160 


3.37 


Mereniy, . . 


8.7820 


16.24 


Tenia, 


0.9434 


6.17 


Eaith, . . 


1.0000 


6.48 


Mars, 


0.1293 


0.71 


Jupiter, 


02689 


1.42 


Satora, 


0.1016 


0.66 


Unmus, 


0.2797 


1.63 


From this table it appears. 


bat the son consists of matter 



little heavier than water ; but that the moon is more than three 
times as heavy as water, though less dense than the earth. It 
also appears that the planets near the sun are, as a general fact, 
more dense than those more remote, Mercury being aa heavy as 
the heaviest metals except two or three, while Saturn is as light 
as a cork. The decrease of dennty however is not entirely reg- 
ular, since Tenus ia a httle lighter than the earth, while Jupiter 
is heavier than Mara, and Uranus than Saturn. 

382. The perturbationt occasioned in the motion? o( the plan- 
ets by their action on each other are very numerons, since every 
body in the system exerts ao attractioQ on every other, in coo- 

• FnncCEiir. 

I The eaith btaag taken , accordiiif (o Boillj, u 5.4S, dw ipecific frantiea of tb« 
olhet bodiei (wliich ue fbimd bj multipljing the deiuit7 of each bj Iha ipcciSe 
iniitj of tlia eudi) m bwe itated KoiwirlMt higher thsn tbej tre pveii in moat 



..Google 



STABILnT or TBK SOI.AB STSTEM, 327 

fiwmity with the lav (^ Unirersal Giavitation. Teous and Man, 
Bpt«iaching as they do at times comparatively near to the e^rth, 
aeosibly disturb its motions, and the satellites of the remoter 
planets greatly disturb each other's moremeats. 

STABJurr or the soi^k ststeh. 
- 383. The derangement which the planets produce in the motion 
of one of their number will be very smalt in the course of one 
revolution ; but this gives ns ao security that the derangement may 
not become very lai^ in the course of many revolutions. The 
cause acts perpetually, and it btiB the whole extent of time to 
work in. Is it not easily conceivablo then that in the lapse of 
ages, the derangements of the motions c^ the planets may accu- 
mulate, the orbits may change their form, and their mutual dis- 
tances may be much increased or diminished ? Is it not possible 
that these changes may go on without limit, and end in the comr 
plete subversion and ruin of the system ? If, for instance, the 
result of this mutual gravitation should be to increase considerar 
bly the eccentricity of the earth's orbit, or to make the mocm 
api«oach continually nearer and neaiet to the earth at every lev- 
olution, it is easy to see that in the one case, our year would 
change its character, producing a tar greater irr^ularity in the 
distribution of the solar heat : in the other, oar satellite must fall 
to the earth, occasHMiing a dreadful catastrophe. If the positions 
of the planetary orbits with respect to that of the earth, were to 
change much, the planets m%ht sometimes come very neu as, 
and thus increase the efiect of their attraction beyond calculable 
limits. Under such circumstances we might have years of une- 
qual length, and seasons of capricious temperature ; planets and 
moons of portentous size and aspect glarii^ and disaf^aring 
at upcertaitt intervals ; tides like deluges sweejang over whole 
condoents ; and, peifaape, the collision of two of the planets, 
and the consequent destruction of all organization on both of 
them. The fact really is, that changes are taking place in the 
motions of the heavenly bodies, which have gone on [vogres- 
sively from the first dawn of science. The eccentricity of the 
earth's orbit has been dimtni^tiag fiom the earliest observations 
to our times. The moon has been moving quicker iiom the time 
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of the fitst recorded eclipses, and is now ia advance by about 
four times her own bieadtb, of what her own place would hare 
been if it had oat been affected by this acceleration. The obli- 
quity of the ecliptic also, is in a state of diminntion, and is now 
about two fifths of a degree less than it wAs in the time of Aris- 
totle.* 

384. But amid so many seeming causes of irregularity,, and 
ruin, it is worthy of grateful notice, that effectual provisioQ 
is made for the atabiHhf of the aolar ayttem. The full confir- 
mation of this fact, is among the grand results of Physical As- 
tronomy. Newton did not undertake to demonstrate either the 
Stability or instability of the system. The decision of this point 
required a great number of preparatory steps and simplifications, 
and such progress in the invention and iminovement of matb^ 
ttatical meUiods as occupied the best mathematicians of Europe 
for the greater part of the last century. Towards the end of that 
time, it was shown by La Grange and La Place, that the arrange- 
ments of the solar system are stable ; that, in the long run, th« 
orbits and motions remain unchanged ; and that the changes in 
the orbits, which take place in shorter periods, nerer tiangiess 
certun very moderate limits. Each orbit undergoes deviations on 
this side and on that side of its average state ; but these devia- 
tions are never very great, and it finally recovers from them, so 
Uiat the average is preserved. The planets produce perpetual 
perturbations in each other's motions, hut these perturbations an 
Dot indefinitely progressive, but periodical, reaching a maximuni 
value and then diminishing. The periods which this restoration 
requires are for the most pert enormous, — not less than thousands, 
and in some instances milUons of years. Indeed some of these 
apparent derangements, have been going on in the same direction 
from the creation of the world. But the restoration is in the se- 
quel as comidete aa the deisi^ement ; and in the mean time the 
disturbance never attains a sufficient amount seriously to affeot 
the stability of the system.* I have succeeded in demonstrating 
(says La Place) that, whatever be the masses of the planets, in 
consequence of the fact that they all move in the same direction, 

• WbewBli, In the Bridgewater TrGatlMa, p. 186. 
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in orbits of smalt eccentricity, and bnt slightly inclined to each 
other, their secular irregubrities are periodical and included within 
nanoir limits ; so that the planetary system will only oscillate 
abont a mean state, and will never deviate from it except by a 
very small quantity. The ellipees of the t^anats have been and 
always will be nearly circular. The ecliptic will never coincide 
with the equator ; and the entire extent of the variation in its 
inclination, cannot exceed three degrees. 

385. To these observations of La Place, Professor Whewell* 
adds the following on the importance, to the stability of the solar 
system, of the ^t that those planets which hare groat maases 
hare orbits of small eeeeniritity. The planets Mercury and 
Mars, which have much the lai^est eccentricity among the old 
planets, are those of which the masses are much the smallest 
The mass of Jupiter is more than two thousand times that of 
either of these planets. If the orbit of Jupiter were as eccentric 
as that of Mercury, all the security for the stability of the sys- 
tem, which analysis has yet pointed out, would dist^pear. The 
earth and the smaller planets might in that case change their nearly 
circular (»bits into very Icmg elUpees, and thus might iall into the 
son, or fly off into remote space. It is further remarkable that in 
the newly discovered {Janets, of which the orbits are still more 
eccentric than that of Mercury, the masses are still smaller, so 
that the same provision is established in Uiis case also. 



CHAPTER XIII. 

or conrs. 

386. A CoioTit when perfectly formed, consists of three parts, 
the Nucleus, the Envelope, and the Tail. The Nucleus, or body 
of the comet, is generally distinguished by its forming a bright 
poinC in the center of tlie head, conveying the idea of a sohd, or 

* Bridgewnter TVentuei, p. 131. Bee tlta Pliytair'i OntUnci, 3, 390. 
i ad/t^ anna, fhnn ths htar4«d ■ppuruce of comet*. 
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at least of a wry dense ponitm (^ matter. Though it ia naually 
exceedingly small when ctMupaied with the other peita of the 
comet, yet it sometimes subtends an ai^le capaUe of beio^ meas- 
ured by the telescope. The £nvefop0, (sometimes called the coma) 
is a dense neboloua coTBiing, which frequently renders the edge 
of the nucleus so indistinct, that it is extremely difficult to ascer- 
taia its diameter with any degito of precision. Many comets 
have no nucleus, but present only a nebulous mass extremely 
Utenuated on the confines, but gradually increasing in density 
towards the center. Indeed there is a regular gradation of com- 
ets, from such as are composed merely of a gaseoos or vapory 
medium, to those which have a well defined nucleus. In aonos 
instances on record, astroniHners have detected with their tele- 
scopes small stars through the densest part of a comet 

The Tail is regarded as an expansion or prolongation of the 
coma ; and, presenting as it sometimes does, a train of appalling 
magnitude, and of a pale, disastnnis light, it confers on this class 
of bodies their peculiar celebrity. 

387. The number of comets belonging to the solar system, is 
probably very great Many, no doubt, escape ol^rvation by 
leii^ above the horizon in the day time. Seneca mentions, that 
during a total eclipse of the sun, which happened'60 years before 
the Christian era, a large and splendid comet suddenly made its 
appearance, beic^ very near the sun. The dements of at least 
130 have been computed, and arranged in a table for future com- 
parison. Of these six are particularly remarkable, viz. the comets 
of 1680, 1770, and 1811 ; and those which bear the names of 
Halley, Biela and Encke. The comet of 1680, was lemarkable 
not only for its astonishing aze and splendor, and its near approach 
to the sun, but is celebmted for having submitted itself to the 
observations of Sir Isaac Newton, and for having enjoyed the 
signal honor of being the first comet whose elements were de- 
termined on the sure basis of mathematics. The comet of 1770, 
is memorable for the changes its orbit has undei^oe by the ac- 
tion of Ju[Ater, as will be more particularly related in the sequel. 
The comet of 1811 was the most remarkable in its appearance 
of all that have been seen in the i^eseiit century. Halley's 
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comet (the same wbkh re-appeared in 173S) is distinguished as 
that vhose letom was first sacces8full7 predicted, and whose 
orbit is best determined ; and Bieb's end Encke's comets are well 
known, for their short periods of rerolutlon, which subject them 
frequently to the view of astronomers. 

388. Id magnitude and brigktneas comets exhibit a great di- 
versity. History informs us of comets so bright as to be distinctly 
Tibbie in the day time, even at noon and in the brightest sunfMne. 
Such was the comet seen at Rome a little before the assassination 
of Julius Csesar. The comet of 1680 covered an arc of the 
heavens of 97°, and its length was estimated at 123,000,000 
miles.* ' That of 1811, had a nucleus of only 428 milea in di- 
ameter, but a tail 132,000,000 miles long.f Had it been coiled 
around the earth like a serpent, it would have reached round 
more than 5,000 times. Other comets are of exceedingly small 
dimenaoDS, the nucleus being estimated at only 25 milea; and 
some which are destitute of any perceptible nucleus, appear to 
the lai^est telescopes, even when nearest to us, only as a small 
apeck of fog, or as a tuft of down. The majority of comets can 
be seen only by the aid of the telescope. 

The same comet, indeed, has often very different aspects, at its 
diffiirent returns. Halley's comet in 1305 was described by the 
historians of that age, as oometo horrendiB magniiudima ; in 
1456 its tail reached from the horizon to the zeniUi, and inspired 
such terror, that by a decree of the Pbpe of Rome, public prayers 
were offered up at nocm-day in all the CathoUc churches to dep- 
recate the wrath of heaven, while in 1682, its tail was oidy 30^ 
io length, and in 1769 it was visible only to the telescope, until 
after it had passed its perihelion. At its recent return in 1835, 
the greatest lengthof the tall was about 12^.| These changes in 
the appearances of the same comet are partly owing to the dif- 
ferent positions of the earth with respect to them, being some- 
times much neater to them when they cross its track than at oth- 
ers ; also one spectator so situated as to see the coma at a high<^r 

* Ango. t lfiln«'i Priza Embj on ComeB. 

t But mifht be mm muoh ioaier l>; mArKt Tuion. (J*r^. JmIm, Aoi. Jour. 
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■Dgle of elevation or in a pater aky than another, will see the 
train longer than it appears to another less favorably situated ; but 
the extent of die changea are such as indicate also a real change 
in their m^^tude and brightness. 

389. The periods of comets in their revolutions around the 
son, are equally various. Encke's comet, which has the shortest 
known period, comidetes its revolution in 3} years, or more accn- 
lately, in 1208 days ; while that of 1811 is estimated to have a 
period of 3383 years.* 

390. The distances to which different comets recede from the 
sun, are also very various. While Encke's comet performs its 
entire revolution within the Orbit of Jupiter, Halley's comet re- 
cedes from the sun to twice the distance of Uranus, or nearly 
3600,000,000 miles. Some comets, indeed, are thought to go 
to a much greater distance from the sun than this, while some 
even are supposed to pass into parabolic or hyperbolic orbits, and 
never to return. 

391. Comets shine by reflecting the Ughi of ike sun. In one 
or two instances they have exhibited distinct phases,\ although 
&e nebulous matter with which the nucleus is surrounded, would 
emniDonly [H^vent such phases from being distinctly visible, even 
when they would otherwise^ apparent Moreover, certain' qu^- 
ities of polarized hght enable the optician to decide whether the 
li^t of a given body is direct or reflected ; and M. Arago, of 
Paris, by experiments of this kind on the light of the comet of 
1819, ascertained it to be reflected light.} 

392. The tail of a comet usually increases very much as it 
approaches the sun ; and frequentiy does not reach its maximum 
until after the perihelion passage. In receding from the sun, the 
tail again contracts, and nearly or quite disappears before the body 
of the comet is entirely out of sight. The tail is frequently di- 
vided into two portions, the central parts, in the direction of the 
axis, being less bright than the marginal parts. In 1744, a comet 
appeared which had six tails, spr^id out like a &n. 

■ Blilne. t Delunbte, 1. 3, p. 400. . t FnnctBor, 161. 
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The tails of comets extend in a direct line from the sun, al- 
though they are usually mon^or less conred, like a long quill or 
feather, being convex on the aide next to the direction in which 
they are moving ; a figure vhieh may result from the less t&- 
locity of the pcvtions most remote from the son. Ezpanaions 
of the Envelope have also been at times observed on the side 
next the sun,* but these seldom attain any considerable length. 

393. The qwmiitf of matter in comets is exceedingly soialL 
Their tails consist of matter of such tenuity that the smallest 
stars are visible through them. They can only be regarded as 
great masses of thin vapor, susceptible of being penetrated 
through their whole substance by the sunbeams, and reflectit^ 
them ahke from their interior parts and Irom their surfaces. It 
appears, perhaps, incredible that so thin a substance ^ould be vis- 
ible by reflected light, and some astronomers have held that the 
matter of comets is self-luminous ; but it requires but very Uttle 
light to render an object visible in the night, and a light vapor 
may be visible when illunuuated throughout an immense stratum, 
which could not be seen if spread over the face of the sky like a 
thin cloud. From the extremelysmall quantity of matter of 
these bodies, compered with the vast spaces they cover, Newton 
calculated that if all the matter constituting the latest tail of a 
comet, were to be compressed to the same density with atmos- 
pheric aic, it would occupy no more than a cubic inch-f This is 
incredible, but still the highest clouds that float in our atmos- 
phere, must be looked upon as dense and massive bodies, com- 
pared with the filmy and all but spiritual texture of a cornet.^ 

394 The smril quantity of matter in comets is proved by 
the fact that tkey have sometimes passed very 'near to some 0/ 
the planets without disturbing their motions in any appredahle 
degree. Thus the ccsnet of 1770, in its way to the sun, got en- 
tangled among the satellites of Juiater, and remained near them 



* B«eDr. Joaliii'irerotTluDnHallef'* oomol, Amer. Jour. Science, Vol. • 
t Principit, iii, 41. t ffir J. Hencbvl. . 
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four months, yet it did- not perceptibly change their motions. 
The Bamo comet also came very near the earth ; so near, that, 
had its masa been equal to that of the earth, it would have caused ' 
ttte earth to levolve in an orbit so much larger than at [vesfflit, 
as to have increased the length of the year 2h, 47m.* Yet it 
produced no sensible, effect on the length of the year, and there- 
fore its mass, as is f^own by La Place, could not have exceeded 
xt'ji of that of the earth, imd might have been less than this to 
any extent. It may indeed be asked, what proof we have that 
comets have any matter, and are not mere refiexioas of light 
The answer is that, although they are not able by their own 
force of attraction to disturb the motions of' the planets, yet they 
are themselves exceedingly disturbed by the action of the pan- 
els, and in exact conformity with the laws of univecsal gravi- 
tation. A delicate cpmpass may be greatly agitated by the vi- 
cinity of a masa of iron, while the iron is not sensibly affected 
by the attisctioa of the needle. 

By approaching very, near to a large planet, a comet may 
hare its orbit entirely changed. This &ct is strikingly exetur 
pliGed in the history of the comet of 1770. At its g^jpeaiance 
in 1770, its orbit was foimd to be an eUipee, requiring for a 
complete revolution only 5i years ; and the wonder was, that 
it had not been seen before, since it was a very large and 
bright comet Astronomers smfiected that its path bad berat 
changed, and that it had been recently compelled to move in 
this short ellipse, by the disturbing force of Ju^Hter and his 
satellites. The French Institute, therefore, offered a high jvize 
for the most complete investigation of the elements of this comet, 
taking into account any circumstances which could possibly hare 
{seduced an alteration in it& course. By tracing back the move- 
ments of this comet for some years previous to 1770, it was 
found that, at the beginning of 1767, it had entered considerably 
within the sphere of Jupiter's attraction. Calculating the amount 
of this attraction &om the -known [vozimity of the two bodies, 
it was found what must have been its orbit previous to the time 
when it became subject to the disturbing action of Jupiter. The 
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result showed that it then moved in an ellipse of greater extent, 
having a period of 50 yean, and having its perihelion instead of 
its aphelion near Jupiter. It was therefore evident why, as long 
as it continued to circulate in an orbit so far from the center of 
the system, it was never visible from the'^arth. In January 
17%7, JufHter aod the comet happened to be very near one an* 
other, and as both were moving in the same direction, andneariy 
in the same plane, they remained in the neighborhood of each 
other fr/t several months, the {daoet being between the comet 
and the sun. . The consequence was, that the comet'sorbit was 
changed into a raaaller ellipse, in which its revolution was ac* 
oomi^ished in Bi years. But as it was api»oaching the mn. in 
1779, it happened, again to fall in with Jupiter. It wad in the 
month of June, that the attraction of the [danet b^an to have 
a sensible effect ; and it was not until the month of October lbl« 
k>wing that they were finally separated. 

At the tiote of their nearest approach, in August, Jui»ter was 
distant from the comet only ^^y of its distance from the sun, and 
ezehed an attraction upm it 225 times greater than that of the 
sun. By reason of this powerful attraction, Jufater being farther 
fiom the son than the etmiet, the latter was drawn out into a new 
orbit, which even at its perihbUon came ito nearer to the sua 
than the planet Ceres. In this third aibii, the comet requires 
•bout 20 years to accomi^h its revolution ; and being at so great 
a distance' from the earth, it is invisible, and will forever remain 
so unless, in the course of ages, it may undergo tLew pditurbations, 
■nd more again in some smaller orbit aa before.* 

OKBTTS AHD HOTIONB OF COKKTS. 

395. The [4anets, as we have seen, (with the exception of the 
four iLew (Hies, which seem to be an intermediate class of bod- 
iea between [rianets and comets,) move in orbits which are nearly 
circular, and all very near to the i^aue of the ecliptic, and all 
move in the same direction bam west to east. But the orbits of 
comets are iar more ezcentric than those of the planets; they are 
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inclined to the ecliptic at varkHu angles, being aometiinefl etren 
neariy peipeodiculu to it ; and the tiiotions of comets aie Bcane* 
times retrograde. 

396. The Elementa of a comet are five, viz. (1) Tbeperi&ef- 
wn diatatux; (2) iongUude of the perikeHon; (3) longitude of 
the node; (4) indina^tm of the orbit; (6) time of the periheiion 



The inTestigatton of these elements ia a problem extremely 
intricate, requiring for its solution, a skilful and laborious applica- 
tion of the most refined analysis. Newton himself, pronounced 
it Problema bmge diffidUmum ; and with all the Eidvantages of 
the moat improved state of science, the detcnnination of a comet's 
orbit is considered one of the most complicated problema in astron- 
omy. This difficulty arises from sever^ circumstances peculiar to 
comets. In ihejirat i^ace, from the elongated fonn of the orbits 
ivliich these bodies describe, it is during only a very small portion of 
their course, that they are visible from the earth, and the observa- 
tums made in that short period, cannot afterwards be verified on 
more convenient occasions ; whereas in the case of Ae i^anets, 
whose orbits are nearly circular, and whose movements may be fol- 
lowed uninterruptedly throughout a com^dete revolution, no such 
impediments to the determination of their orbits occur. In the 
teeond place, there are many comets which move in a direction 
opposite to the oider of the signs in the zodiac, and sunetimes 
nearly perpendicular to the plane of the ecliptic ; so that their 
apparent course through the heavens ia rendered enremely com- 
pUcated, on account of the contrary motion of the earth. In the 
third i^ace, as there may be a multitude of elliptic orbits, whose 
perihelion distances are equal, it is 'obvious that, in the case of very 
eccentric orbits, the sUghtest change in the position of the curve 
near the vertex, when alone the comet can be observed, must 
occasion a very sensible difference in the length of the orbit ; and 
therefore, though a small error produces no perceptible discrepancy 
between the observed and the calculated courae, while the comet 
lemains visible from the earth, its effect when diffiued over the 
whole extent' of the orbit, may acquire a most material or even a 
&tal importance. 
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' On account of these cucumBtances, it is found exceedingly dif- 
ficult to lay down the path which a comet actually follows 
through the whole system, and least of all, possible to ascertain 
with a<»uracy, the length of the m^t axis of the ellipse, and 
consequently Uie periodical roTolution.* An enror of only a few 
seconds may cause a difference o( many jiundred years. In this 
nuumer, though Bessel determined the revolution of the comet of 
1760 to be 2089 years, it was found that an error of no mwe than 
6" in observation, would alter the period either to 2678 yean, or 
to 1692 years. Some astronomers, in calculating the orbit of the 
great comet of 1680, have found the length of its gi^atcr axis 
426 times the earth's distance from the sun, and consequently its 
period 8792 years ; whilst oUiers estimate the greater axis 430 
times the comet's distance, which alters the period to 8916 years. 
Newton and Halley, however, judged that this comet accom- 
plished its revolution in only 670 years. 

397. Disheartened by the difficulty of attaining to any pre- 
ci»oD in that circumBtance, by which an elliptic orbit is chaiac- 
tetized, and, moieover, taking into account the laborious calcula- 
tions necessary for its investigation, astronomers usually satisfy 
themselves with ascertaining the elements of a comet on the sup- 
position of its describing a parabola; and, as this is a curve 
whose axis is infinite, the procedure is greatly simplified by 
leaving entirely out of consideration, the periodical revolution. It 
is true that a parabola may not represent with mathematical strict- 
ness the course which a comet actually follows ; but as a para- 
bola is the intermediate curve between the hyperbola and ellipse, 
it is found that this method, which is so much more convenient 
for computation, also accords sufficiently with observations, ex- 
cept in cases when the ellipse is a comparatively short one, as 
that of Encke's comet, for example. 

398. The elements of a comet, with the exception of its peri- 
odic time, are calculated in a manner similar to those of the plan- 



* Foi irhflD wa know the l«ii|;th of tha in^oi toda, wa can find tb« periodio 
ttma byKepler'a law, which appliaa aa well to eonieta at lo plancla. 



ets. Three good obserratioos im the tight ascensioB and decU- . 
nation of the comet (which are usually found by ascertaining its 
position with respect to certain stars, whose right aacensioDS and 
decUnations are accurately Io^wd) affi»d the means of calcu- 
lating these elements. 

The appearance of the same comet at different periods of its 
return are so various, (Art. 388,) that we can never pronounce a 
given comet to be the same with one that has appeared before, 
Irom any peculiarities in its physical aspect. The identity of a 
comet with one already on record, is determined by the identity 
of the elements. It was- by this means that Hslley first estab- 
lished the identity of the comet which bears his name, with one 
that had appeared at several preeeding ages of the world, of which 
so many particulars were left on record, as to enable him to cal- 
culate the elements at each period. These were as in the follow- , 
iog table. 
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On comparing these elements, no doubt could be entertained 
that they belonged to one and the same body ; and since the in- 
terval between the successive returns was seen to be 75 or 76 
years, Halley ventured to. predict that it would again return in 
1768. Accordingly, the astronomers who lived at that period, 
looked for its return with the greatest interest. It was found 
however, that on its way towards the sun it would pass very near 
to Jupiter and Saturn, and by their action on it, it would be re- 
tarded for a long tiBie. Clairaut, a distinguished French math- 
ematfcian, undertook the laborious task of estimating the exact 
amount of this retardation, and found it to be no less than 618 
days, namely, 100 days by the action of Jupiter, and 518 days by 
that of Saturn. This would delay its appearance until early in 
the year 1759, and Clairaut fixed its arrival at the perihelion whhin 
a month of April 13th. It came to the perihehon on the 12th of 
March. 
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399. The- ratnm of Halley's comet in 1836, was looked fat 
with no less interest tban in 1759. Several of the most accn- 
rate mathematicians of the age had calculated its elements with 
inconceivable labor. Their zeal was rewarded by tbe appearance 
of the expected visitant at the time and place assigned ; it trav- 
ersed the northern «ky presenting the very a{^)eaiances,, in most 
respects, that had been anticipated ; and came to its perihelion 
on the 16th,of November, within two days of the time prescribed 
by Pontecoiilant, a French mathematician whohad, it appeared, 
made the most successful calculatiotL* Oa its previous return, 
it was deemed an extraordinary achievement to have brought the 
prediction within a month of the actual time. 

Many circumstances conspired to render this return of Halley's 
comet an astronomical event of transcendent interest Of all the 
celestial bodies, its history was the niost remarkable ; it afforded 
most triumphant evidence of the truth of the doctrine of universal 
gravitation, and of course of the received laws of astronomy ; and 
it inspired new confidence in the power of that instrument, (the 
Calculus,) by means of which its elements had been investigated. 

400. Encke's comet, by its frequent retums, affords peculiar 
facilities for asc^aining the laws of its revolution ; and it has 
kept the appointments made fot it, with great exactness. Oa iti 
late return ( 1839) it exhibited to the telescope a globular mass of 
nebulous matter, resembling fog, and moved towards its perihel- 
ion with great rapidity. 

But what has made Encke's comet particularly famous, is its 
having first revealed to us the existence of a Sensting Medium 
in the planetary spaces. It has long been a question whether 
the earth and planeta revolve in a perfect void, or whether a fluid 
of extreme rarity may not be diffused through space. A perfect 
vacuum was deemed most probable, because no such efiects on 
the motions of the planets could be detected as indicated that 
they encountered a resisting medium. But a feather or a lock of 
cotton propelled with great velocity, might render obvious the 
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resistance o{ a medium which would not be pereepdbte in the 
motioDsofacaaQonball. Accwdingly, Eocke's comet is thought 
to hare [dainly sufiered a retardatitHi from eocounteriog a least- 
ing medium in the planetary regions. The effect of this resist- 
ance, from the first discovery of the ctHnet to the present time, 
has been to l^in^^^^^i^h the time of its revolution about two days. 
Such a resistance by destroying a part of the projectile force, 
would cauae the comet to fqqiio&ch nearer to the sun, ai^ thus to 
have its periodic time shnt^ied. The ultimate effect of this 
cause will be to bring the comet nearer to the sun at every levo- 
lutioQ, until it finally &l]s into that luminary, although many 
thousand years will be required to produce this catastioi^ie.* It 
is conceivable, indeed, that the effects of such a resistance may 
be counteracted by the attraction of one or more of the planets 
near which it may pass ia its successive returns to the sun. 

401. It is peculiarly interesting to see a portion of matter of a 
tenuity exceeding the thinnest fog, pursuing its path in space, in 
obedience to the same laws as those which regulate such large 
and heavy bodies as Jupiter or Saturn. In a perfect void, a 
speck of fog if poopelled by a suitable tcojectile force would re- 
volve around the sun, and hold on its way through the widest 
orbit, with as sure and steady a pace ss the heaviest and largest 
bodies in the system. 

402. Of the physical nature of cconets, little is understood. 
It is usnal to account for the variations which their tails undergo 
by referring them to the agencies of heat and cold. The intense 
heat to which they are subject in approaching so near the sun 
as some of them do, is alleged as a sufficient reason for the great 
expansion of thin nebulous atmospheres forming their tails ; and 
the inconceivable cold to which, they are subject in receding to 
such a distance from the sun, is supposed to account for the con- 
densation of the same matter untU it returns to its original di- 
mensions. Thus the great ctmiet of 1680 at its perihelion vp- 
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prisaebed 166 timea nearer tbe son than the earth, beuig only 
130,000 utiles Irom the aox&ce of the sun.* The heat vhich 
it must hare received, wva estimated to b6 eqnal to 28,000 times 
that which the earth receives in the same time and 2000 times 
h(dter than red hot iron. This temperature would be sufficient 
to T(^talize the most obdurate substances, and "to expend the 
npat to tbA dimensouB ,- and the opposite o&cts of the extreme 
cold to which it would be subject in the regions remote from the 
sun, would be adequate to condense it into its former Tolume. 

This explahattoQ however, does not account for the direc- 
tion of the tail, extending as it usually does, oidy in a line op- 
posite to the sniL Some vritera therefore, aa DeUmlne, suppose 
that the nebulous matter of the comet after being expanded to 
such a volume, that the particles are no longer attracted to the 
nucleus onleaa by the slightest ctmceivabls force, are carried aS 
in a direction from the son, by the intpolse of the adSai nys them- 
selres-t But to assgn such a power a( commnnicatiDg motkHi 
to the sun's rays while they have never been proved to have any 
momentum, is unphil080[ducal ; and we am cmqidled to place 
tiie phenomena of c(»aets^ tails amoi^ the points of astronomy 
yet to be ezplahied. 

403. Since those comets which have their perihelion very 
Dear the son, like the comet of 1680, cross the orbits of all 
the planets, the poaaibUUy that one of them may strike the 
earth, has frequently been suggested. Still it may quiet our ap- 
prehensions on this subject, to reflect on the vast extent of the 
planetary qiaces, in which these bodies are not crowded together 
as we see them erroneously re|Hresented in orreries and diagrams, 
but are sparsely scattered at immense distances from each other. 
They are like insects flying in the expanse of heaven. If a com- 
et's tail lay with its axis in the plane of the ecliptic when it was 
near the sun, we can imagine that the tail might sweep over 
the earth ; but the tail may be situated at any angle with the eclip- 
tic as well as in the same plane with it, and the chances that 
it will not be in tbe same plane, are almost infinite. It is also 
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extramely improbable that a comet will cross the idane of the 
ecUptic precisely at the earth's path in that [rfane, since it may as 
probably cross it at any other point, nearer or more remote from the 
smi. Still some comets have occasionally ai^rooched near to 
tbe earth. Thus Biela's comet in returning to the sun in 1833, 
crossed the ecliptic very near to the earth's track, and bad the 
earth been then at that point of its orbit, it might have passed 
throogh a portion of tbe nebulous atmos[4iefe of the comet. 
The earth was within a month <^ reaching that point This 
might at fiist view seem to involve some hazard ; yet we must 
consider that a month short implied a distance of Dearly 60,000,000 
miles. La Place has assigned the consequences that wonld 
ensue in case of a direct coUisioQ between tbe earth and a comet ;* 
bat terrible as he has repeseoted them on the suf^iosition that 
the nucleos of the comet ia a solid body, yet considering a c«net 
(as most of tb«a doubtless are) as a mass of exceedmgly light 
nebulous matter, it is not probable, even were the earth to maks 
its way directly through a onnet, that a particle of the comet 
would reach the earth. The portions encdunterod by the earth, 
would be arrested by the atmosj^re, and probably inflamed ; 
and they would perhaps exhibit on a more magnificent scale 
than was ever before observed, the [^encHnena of shooting stars, 
or meteoric showers. 



■ B^ da Hondo, 1 



..Google 



PART at. — OF THE FIXED BTARB AITD SYSTEM OF 
THE WORLD. 



CHAPTER L 
or TIDE raxD n-i&a — comrnBLLATiONs. 

404. Ths Fixed Stabs are so called, because, to common ob- 
serration, they always maintain the same situations with respect 
to one another. 

The stars are classed, hy their apparent magnitudes. The 
'whole number of magnitudes reccsded are sixteen, of which 
the 'first six only ate visible to the naked eye ; the rest are tde- 
seopic starv. These magnitudes are not determined by any very 
definite scale, but are merely tanked according to theii relative 
degrees of brightness, and this is left in a great measure to the 
decision of the eye alone, althongh it would appear easy to mea»- 
lire the comparative degree of light in a star by a photometer, 
and upon such measurement to ground a more scientific classifi- 
cation of the stars. The brightest stars to the number of 15 or 
20 are considered as stars of the ^first magnitude ; the 60 or 60 
next brightest, of the second magnitude ; the next 200 of the 
third magnitude ; and thus the number of each class increases 
rapidly as we descend the scale, so that do less than fifteen or 
twenty thousand are included within the first seven magnitudes. 

406. The stars hare been groaped ia Const^laiions fiom the 
most remote antiquity : a few, as Orion, Bootes, and Ursa Major, 
are mentioned in the most ancient writings under the same names 
as they bear at present. The names of the constellations are 
sometimes founded on a supposed resemblance to the objects to 
which the names belong ; as the Swan and the Scor^aon were 
evidently so denominated fixHn their likeness to those animals ; 
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but in most cases it is impossiUe for iu to find any reason Sat 
des^oating a constellatHUi by the figuie of the animal or the 
hero which is employed to ra^sesent it These reptesentationa 
vera {xobably once blended with the fables of pc^an mythology. 
The same figures, absurd as they sppear, are still retained for the 
convenience of reference ; since it is easy to find any particiilnr 
star, by specifying the pert of the figure to which it beloi^s, 
as when we say a star is in the neclc of Taurus, in the knee of 
Hercules, or in the tail of the Great Bear. This method fur- 
nishes a general clue to its position ; but the stars briongiug to 
any constellation aie distinguishes accotdiog their i^paient mag- 
nitudes as follows: — first, by the Greek letters, Alpha, Beta, 
Gamma, dec. Thus u Ononis, denotes the largest star iu Orum, fi 
Andromeda, the second star in Andromeda, and ^ Leoma, the third 
brightest star in the Lion. When the number of the Greek let- 
ten is insufficient to include all the stars in a constellation, re- 
course is had to the letters of the Roman alphabet, a, b, c, &c. ; 
and, in cases where these are exhausted, the final resort is to num- 
bers. This is evidently necessary, since the largest constellationt 
ctmttun many hundreds at even thousands of stars. Ctttah^ues 
of particular stars hare also been published by different astroo- 
omers, each author numbering the individual stars embraced in 
his list, according to the traces they respectively occupy in the 
catalc^ue. These references to paiticulai catalogues are some- 
times entered on large celestial globes. Thus we meet with a star 
marked 84 H., meaning that this is its number in Hersehel's cat- 
alogue, or 140 M. denoting the [dace the star occu^es in the cat- 
alc^e of Mayer. 

406. The earliest catalogue of the stars was made by Hif^iSF- 
chus of the Alexandrian School, about 140 years before tba 
Christian era. A new star appearing in the firmament, he was 
induced to count the stars and to record their positions, in order 
that posterity might be able to judge of the permanency of the 
constellations. His catalogue contains all that were conspicuous 
to the naked eye iu the latitude of Alexandria, being 1022. 
Host persons unacquainted with the actual nomber of the stars 
which compose the visible fiimameot, would suppose it to be 
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mach greater than this; but it is foood that the catali^e of 
Hippa^chus, embraces nearly all that can now be seen in the 
same latitude, and that on the equst<ff, when the spectator 
has the oortbeni and southern hemisidieiea both in view, the 
number of stars that can be counted does not exceed 3000. 
A careless riev of the firmameut in a clear night, gives us the 
imfvesaioa of an infinite muhitude of stars; but when ve begin 
to count them, they appear much more sparsely distributed ttuui 
we sui^iosed, and large portions of the sky appear almost desti- 
tute of stars. 

By the aid of the telescope, now fields of stars present tfaem- 
■dves of boundless extent ; the number continually augmeuting 
as the powers of the telescope are increased. Lalande, in hk 
Bistoire pelesti, has restored the positions of no less than 
60,000 ; and the whole number visible in the lai^est telescopes 
amount to many millions. 

407. It is strongly recommended to the learner to acquaint 
himself with the leading constellations at least, and with a few 
of the most remarkable individual ataxs. The task of learning 
them is comparatively easy, and. hardly any kind of knowledge, 
attained with so litUe labor, so amply rewards the possessor. It 
will generally be advisable, at the outset, to get some one already 
acquainted with the stars, to point out a few of the most coct- 
spicuous constellations, those of the Zodiac for example ; the 
learner may then resort to a celestial globe,* and fill up the out- 
line by tracing out the principal stars in each constell^ion as there 
laid down. By adding one new constellation to his Ust every 
night, and reviewing those already acquired, he will soon become 
familiar with the stars, and will greatly augment his interest and 
improve his intelligence in celestial observations and [sactical as- 
troDomy. 

COHffTELLATIONS. 

408. We will point out particular marks by which the lead- 
ing constellations may be recogiuzed, leaving it to the learner, af- 

* Tor the matbod of rectii^Dg Iha glob« M ti to Tapraaaat tbt ^ppauuHM of tb« 
batvent on any puticultr eTening, MS pafs 96, Prob. 76. 
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ter he has found a e«istellatton, to tiace oat additional memben 
of it by the aid of the celestial globe, or by maps of the Man. 
Let us begin with the Co nttell a t iotu of the Zodiac, which suc- 
ceeding each other as they do in a known otder, are nuwt easily: 
fi>und. 

Astrs (The Ru] is a small constellation, known by two 
bright stars which fotm his head, a and ^.>4rw^ These two stars 
are three degrees* apart, and directly south of ? at the distance of 
one degree, is a smaller star, r Jrietit. It has been already inti- 
mated (Alt. 193) that tiie venial equinox probably was near the 
bead of Aries, when the signs of the Zodiac received the present 
names. 

Tadbds (The Boll) will be readily found by the seven stars 
or Pleiades, which lie in his neck. The largest stat in Taurus 
is Aldebaran, in the Bull's eye, a star of the first magnitode, of 
a reddish color somewhat resembling the planet Mars. Aide- 
baraa aod four other stars in the &ce of Taurus, compose the 
Byadea. 

Gaava (The Twins) ia known by two very bright stars, Cas- 
tor and Pollux, four degrees asunder. Castor (the northern) is of 
the first, and Pollux of the second magnitude. 

Cancee (The Crab). There are no large stars in this constel- 
lation, and it is regarded as less remarkable than any other in the 
Zodiac. It contains however an interesting group of small stars, 
called Pretaepe or the Nebula of Cancer, which resembles a comet, 
and is often mistaken for one, by peisoQS unacquainted with 
the stars. Widi a telescope of very moderate powers this nebula 
is converted into a beautiful assemblage of exceedingly bright 
stats. 

Lxo (The Lioit) is a very lai^ cmstellation, ai^ has many 
interesting members. R^ulua (•> £>etmts) is a star of the first 
magnitude, which lies directiy in the ecliptic, and is much used 
in astionomioal observations. North of Regulus lies a semi-circle 
of bright stats, forming a sickle of which Regulus is the handle. 
Denebola, a star of the second magnitude, is in the lion's tail, 
20° northeast of Regulus. 

* Thme mcMurei are not inlended to be Mated irith «iactiieii> ba( onlj with 
■uoh a degro« of accuracy (a maj aerrt for a genera] guide. 
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Tnteo (The.TiBGiM) ezteoda a considerable way fiom west to 
east, but contains only a few bright Btars. Sptea, howerer is a 
star of the first magnitude, and lies very near Hbe place of the 
autunmal equinox. Four degrees eastward of Spica, and six de- 
grees sooth of Denebola, is Vindeimatrix, in the head of Tii^o, a 
star of the third magnitude. 

LsHA (The Balance) is distiDguished by three large stare, of 
which the two brightest constitute the beam of the balance, and 
the smallest forms the top or handle. 

Scoitno (The Scorpion) is one of the finest of the constella- 
tions. His head is formed of five bright stars arranged in the 
arc of a circle, which is crossed in the center by the ecliptic 
nearly at right angles, near the brightest of the five, ^ Scorpionis. 
Four degrees southeast of this, is a reatarkable star of the first 
magnitude, of a reddish color, called Cor Sevrpionis, or Anktres. 
South of this a succession of bright stars sweep round towards 
the east, terminating in several small stars, forming the tail of 
the ScorpiotL 

SAaiTTiBics (The Abches). Northeast of the tail of the Scor- 
{non, are three stars in the arc of a circle which constitute the bow 
of the Archer, the central star being the brightest, directly west 
of which is a bright sti^ which forms the arrow. 

CirucoBmrs (The Goat) lies north^ifit of Sagittarius, and is 
known by two bright stais, two degrees apart, which fonn the 
head. 

Aqoabids (The Watbb Bzabxs) is recc^zed by two stars 
in a line with a Capricomi, forming the shouldera of the figure. 
These two stais are 10° apart, and 3° southeast ia a third star, 
which together with the other two, makes an acute triangle, of 
which the westernmost is the vertex. 

Pisces (The Fishes) Ue between Aquarius and Aries. They 
are not distinguished by any Uage stars, but are coimected by a 
series of small stars, that form a crooked line between them. 
Pisds AustraUs, the Southern Fish, lies directly below Aqua- 
rius, and is known by a lingle bright star tax in the south, having 
adeclination of 30°. The name of this star is Fomaihatit, and 
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409. The ConstetladoDfl of the ZocUae, beiiig first well leatnecl, 
■D as to be readily lecognized, will facilitate the leaniing of otb- 
en.that lie north and south of them. Let tis Uieiefore next re- 
view the principal Northern Constdlations, beginoing north <^ 
Aries and proceeding from west to east 

Andromeda, is characterised by throe stars of the second mag- 
nitude, situated in a straight line, extending from vest to east. 
The middle star is about 17° north of ^ Ariois. It is in the 
girdle of Andromeda, and is named Miraeh. The other two lie 
at about equal distances, 14° west and east of Miraeh. The 
western star, in the head of Andromeda, Ues in the Equinoctial 
Colure. The eastern star, Atamak, is situated in the foot 

Persxits lies directly north of the Pleiades, and contains sev^ 
enl bright stars. About 18° from the Pleiades is Algol, a star 
of the second magnitude, in the Head of Medasa, which forms a 
part of the figure ; and 8° north of Algol is AigmUb, of the same 
magnitude in the breast of Perseus. Between Algenib and the 
Pleiades are three bright stars, at nearly equal intemds, which 
compose the right leg of Perseus. 

AcRiGA (the Wagoneb) lies directly east of Perseus, and extends 
nearly parallel to that constellation ftom north to south. CapeUa 
a very white and beautiful star of ^e first magnitude, distin- 
guishes this constellation. The feet of Auriga are near the Bail's 
Homs. 

The Ltrx comes next, but presents nothing particularly inter- 
esting, containing no stars above the fourth magnitude. 

Leo Minor consists of a collection of small stars north of tha 
nckle in Leo, and south of ibe Great Bear. Its lai^est star is 
only of the third magnitude. 

Coma Berenices is a cluster of small'stars, ncvth of Denebola, 
in the tail ot the Lion, and of the head of Yiigo. About W* 
directly north of Berenice's Hair, is a single taright star called Ctr 
Caroli, or Charles's Heart. 

Bootes, which comes iteit, is eauty found by means of Arc- 
turns, a star of the first magnitude, of a reddle color, which is 
ffituated near the knee of the figure. Arctunis is accompanied 
by three small stars forming a triangle a Uttle to the southeast 
Two bright stars / and 9 Bootia, form the shoulders, and P of the 
third magnitude is in the head of the figure. 
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CoBONi. BoBXius (Tlie Cbown) vhich is situated to the N. E. 
of Bootes, is very easily rec(^;mzed, composed as it is of a semi- 
ciicle of bright stais. In the center of the bright crown, is a 
Mar of the second mi^pitade, called gemma ; the remainiti^ stan 
are all mnch smaller. 

Hebculzb, lying between the Crown on the west and the Lyre 
on the east, is very thick set with stars, most of which are quite 
small. The Constellation covers a great extent of the sky, es- 
pecially from N. to S., the head tenninating within 15° of the 
equator, and marked by a star of the third magnitude, called Rat- 
aigelki, which is the largest in the Constellation. 

OrHircos is atuated directly sonth of Hercules, extending 
some distance on both sides of the equator, the feet recAing on the 
ScorpioiL The head terminates near the head of Hercules, and 
like that, is marked by a bright star within 6° of v H&vutis. 
Oi^ucns is represented as holding in his hands the Serpent, the 
head of which, consisting of three br^ht stars, is sitcated a little 
south of the Crown. The folds of the serpent will be easily fd- 
lowed by a succession of bright stars which extend a gieat way 
to the east. 

AtipjLt. (The Eaqle) is conspicuons for three bright stars in its 
neck, of which the central one, AUair, is a very brilliant white 
star of the first magnitude. Anlinoua lies directly south of the 
Eagle, and north of the head of CafHicomos. 

DELFHiNua (The Doi-FBiir) is a small but beautiful Constella- 
tion, a few de^«ea east of the Eagle, and is characterized by four 
bright stars near to one another, forming a small rhombic square. 
Another star of the same magnitude S^ south, makes the tail. 

Pegasus lies between Aquarius on the south and Andromeda 
on the north. It contains but few large stars. A very regular 
square of bright stars is composed of a Attdromeda, and the three 
largest stars in Pegasus, namely, Scheat, Marhab, and A^enib. 
The sides compoeing this square are each about ItP. Algenib 
is situated in the equinoctial colure. 

410. We may now review the ComteUatiinu vhieh surround 
the Ntrth Pole, within the circle of popetual ttppaniaaa. (Art 



, Google 



360 rtxxD ariBs. 

Cbsa Minos (The Littlc Beib) lies Denest the pde. The 
Pole-6tar, Polaris, is in the eztremitr of the tail, aod is of the 
thiid magnitude. Three stais in a straight line 4° or 5° apart, 
commencing with the P(de-fitar, lead to a tnqwzimn of four stsi^ 
and the whole seven form together a t^ipa; the trapezium being 
the body, and the three stara the handle. 

Ubsa Huob (The Qheat Beak) is situated between the pole 
and the Lesser Lion, and is usually recognized by the figure of a. 
larger and more perfect dipper, which constitutes the hinder part 
of the animal. This has also seven stars, four in the body of the 
dipper, and three in the handle. All these sre stars of much ce- 
lebrity. The two in Uie western side of the dipper, a and fi, 
are called Pomten, on ac«>nnt of their always being in a 
right line with the Pole-star, and therefore affording an easy 
mode of finding that The first star in the tail, next the body, 
is named AUotii, and the second Mizca: The head of the Great 
Bear Ues &r to the westward of the Pointers, and is composed of 
Dumerous small stars ; and the feet are severalty composed of two 
small stars very near to each other. 

Dkaco (The DaAeon) winds round between the Great and 
Little Bear ; and commencing with the tail, between the Pointers 
and the Pole-star, it is ea;^y traced by a succession of bright stars 
extending from west to east, passing under Ursa Minor, it returns 
westward, and terminates in a triangle which forms the head of 
Draco, near the feet of Hercules, northwest of Lyra. 

CEFHcira lies eastward of the breast of the Dragon, but has no 
stars above the third magnitude. 

Casbiopbu. is known by the figure ofacAatr, ci»nposedoffomr 
stars which form the legs, and two which form the back. This 
Constellaticm lies between Perseus and Cepheus, in the Milky 
Way. 

OyoNus (The Swib) is situated also in the MUky Way, some 
distance southwest of Cassiopeia, towards the Eagle. Three 
bright stars, which lie along the Milky Way, form the body and 
neck of the Swan, and two others in a line with the middle one 
of the three, one above and one below, constitute the wings, 
This Constellation is among the few, that exhibit some r 
blauce to the animals whose rkames they bear. 
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Lnu (The Lcbz) ia directly west of the Swan, and is easily 
distinguished by a beautiful white stai of the first magnitude, <■ 
Lyra. 

411. Th& Southtm Conttdlathns are eomparatlTely few in 
number. We shall notice only the Whale, Orion, the Greater 
•ltd Lesser Dog, Hydra, and the Crow. 

CzTDs (The W11A1.E) is distiDguished rather for its extent than 
its brilliancy, reaching as it does through -40° of longitude, while 
none of its stars except one, are above the third magnitude. 
Menkar (a Ceti) in the mouth, is a star of the second magnitude, 
and seTeral other bright stars directly south of Aries, mark the 
head and neck of the Whale. Mw-a (0 Ceti) in the neck of the 
Whale, is a variable star. 

Obion is one of the latest and most beautiful of the constel- 
lations, lying southeast of Taurus. A cluster of small stars form 
the head ; two large stars, Beialgeus of the first and BeUatrix 
of the second magnitude, make the shoulders ; three more bright 
stars compose the buckler, and three the sword ; and Rigel, an- 
other star of the first magnitude, makes one of the feet. In this 
Constellation there are 70 stars plainly visible to the naked eye, 
including two of the first magnitude, four of the second, and 
three of the third. 

Canis Major lies S. R of Ori<Hi, and is distinguished chiefly 
by its containing the largest of the fixed stars, Sirius. 

Canis Minor a Uttle north of the equator, between Cants Ma- 
jor and Gemini, is a small Constellation, consisting chiefly of two 
stars, of which Procjfon is of the first magnitude. 

Htdra has its head near Procyon, consisting of a number of 
stars of ordinary brightness. About 15° S. E. of the bead, is a 
star of the second magnitude, forming the heart, (Cor Hydra); 
and eastward of this, is a long succession of stars of the fourth 
and fifth magnitudes ctHnposing the body and the tail, and reach- 
ing as far as a few degrees south of Spica Tirginis. 

CoBms (The Cbow) is rejsesented as standing on the tail of 
Hydra. It consists of small stars, only three of which are as 
la^ as Uie third magnitude. 
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412. Ths fofegoing brief dcetoh is designed merely to aid tbe 
Btudeot in finding the principal conatdlatioiia aod the latest 
fixed stars. When we have once learned to lecogoize a constel- 
lation by some chaiacteristic marks, we may afterwards £11 ap 
tbe outline by the ud of a celestial globe or a map of the stais. 
ft will be of little avail however, merely to commit this sketch 
to memory ; but it will be very useful for the riudent at once to 
render himself feniiUar with it, from the actual q)ecimeQ8 which 
every clew evening presents to his view. 



CHAPTER II. 

CLOSTEBS OF 8T1I19— NEBtlLS — ^TABUBLE STABS— TBMFOBART . 
STABS DOUBLE STABS. 

413. In various parts of the firmament are seen large groups or 
clusters, which, either by the naked eye, or by the aid of the small- 
est telescope, are perceived to consist of a. great number of iSnall 
stars. Such are the Pleiades, Coma Berenices, and IVeesepe or the 
Bee-hive, in Cancer. The Pleiades, or Seven Stars, as they are 
called, in the neck of Taurus, is the most conspicuous cluster. 
When we look directly at this group, we cannot distinguish 
more than six stars, but by turning the eye sideways* upon it, 
we discover that there are many more. Telescopes show 50 
or 60 stars crowded tc^ther and i^parently insulated from the 
other parts of the heavens.! Coma Berenices has fewer stars, 
but they are of a la^r class than those which compose the Plei- 
ades. The Bee Hire or Nebula of Cancer as it is called, is one 
of the finest objects of this kind for a small telescope, being by 
its aid converted into a rich congeries of shining points. The 
head of Orion affords an example of another cluster, though less 
remarkable than the others. 

■ Indireot tiudd ii fai mora delieaU ihta di»et. Thus we cm wee the Zaditctl 
T-iglii nr » Comtl'g Tul. much more dirinetly and batur defioed, if wa fix on* 
•ye on a part ef the hetTetu at loma diitanca, and turn ths olhoi aje obliquelj 
npop Ihe object. t Sir J. Hanchel. 
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414. NtAultt an thooe &mt misty sppeaaonxa vhjch resem- 
Ue comets, w ft tmall speck of ibg. The Galaxy or Milky Way 
presenls a continued Buccesaon of lai^ nebuke. A very remark- 
able Nebula, Tisible to Uie naked eye, is seen in the girdle of An- 
dromeda. No powers of the telescope hare been able to reflolre 
thii into separate ataia. Ita dimensions are astooiahingly great. 
In diameter it is about 15'. The telescope reveals to us innu- 
merable ot^OKta of this kind. Sir William Heistji&l has given 
catalogues of 2000 Nebutfe, and has Aown that the nebulous 
matter is distributed through the immensity of space in quantities 
inconceivably great, an4 i^ separate parcels of all shtqns and 
sizes, and of all d^;rees of tightness between a mere milky ap- 
pearance and the oondensed light of a fixed star. Finding that 
the gradations between the two extremes were tolerably regular, 
he thought it prot>ab1e that the nebulas form the materials out of 
which nature elaborates suns and systems ; and he conceived that, 
in virtue of a ceutral gravitation, each parcel of nebulous matter 
becomes more and more condensed, and assumes a rounder form. 
He infers from the eccentricity of its shape, and the efTects of the 
mutual gravitation of its particles, that it' acquires gradually a rotary 
motion ; that the condensation goes on increasing until the mass 
acquires consistency and solidity, and all the other characters of a 
comet or a planet ; that by a still further jsocess of condensation, 
the body becomes a real star, self-shining j and that thus the 
waste of the celestial bodies, by the perpetual diffu^on of their . 
light, is continually compensated and restored by new formations 
of such bodies, to rejJenish forever the universe with planets and 
stars.* 

415. These ojsnions are recited here rather out of respect to 
their notoriety and celebrity, than because we suppose them to be 
founded on any better evidsnce than conjecture. The PhilosojA- 
ical Transactions for many years, both before and after the com- 
mencement of the present century, abound with both the obser- 
vations and speculations of Sir William Herschel. The former 
are deserving of all praise ; the latter of very tittle confidence. 

■ PhU. Thm. I8U. 
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Changes, bovever, are going on in scxne of the nebulffi, vhich 
plainly show that they are not, like planets and stars, fixed and 
peimaneDt creations. ' Thos the gnat nebula in the girdle of An- 
ditmeda, has very much altered its struettue smee it first becanw 
«n object of telescopic obaervatioD.* Bliny of the nebulK are of 
a' globular fonU] (Fig. 72, a) bat finqnently they pcesent the appear- 
(Rg.78,«.) (Fig. 79. o 



aDceof a rapid increase of numbers towards the center, (Fig. 72,6) 
the exterior boundary being irregular, and the central ports more 
nearly 6|dierical. 

416. The Nebula in the sword of Oion is particularly cele- 
brated, being very large and of a pecuharly interestii^ appear- 
ance. According to Sir Joha Herscbel, its nebulous character is 
very different ftom what might be supposed to arise from the as- 
sembl^e of an immense collection of small stars. It is formed 
of little doccolent masses like wisps of clouds ; and such wisps 
seem to adhere to many small stars at its outskirts, and especially 
to one considerable star which it envelops with a nebulous atmos- 
phere of considerable extent and singular figure. 

Descripttoue, however, can convey but a very imperfect idea 
of this wonderful class of astronomical objects, and we would 
therefore urge the learner studiously to avail himself of the firot 
opportunity he may have to view them through a large telescope, 
especially the Nebula of Andromeda and of Orion. 

417. Ndmloua Stars are such as exhibit a sharp and brilliant 
star surrounded by a disk or atmos[4iere of nebulous matter. 
These atmospheres in some cases present a circular, in others an 

* AaOim. Tniu. n, 496. 
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OTal figure ; and in some imtonces, the nebola coiuifiti of along, 
nairow sjuidle^haped ray, Upering away at both enda to pointa. 

Annuiar Nebukg also exiat, but are among the meat objects in 
the heavens. The most consj^cnous of this class, is to be found 
exactly half way between the stars ? and f Lyne, and may be 
seen with a telescope of moderate power.* 

Pian^ary NebtUte constitute another variety, and are very re- 
markable objects. They bare, as their name imports, exactly 
the appearance of planets. Whatever may be Uieir nature, they 
must be of enormous magnitude. One of them is to be found 
in the parallel of f Aquerii, and about Bat. ptecedang that star. Its 
apparent diameter is about W. Another in the Constellation 
Andromeda, isesents a visible disk of 12", perfectly defined and 
round. Granting these objects to be equally distant from us with 
the stars, their zeal dimensions must be such as, on the lowest 
computation, would fill the orbit of Uranus. It is no less evi- 
dent that, if they be solid bodies, of a solar nature, the intrinsic 
splendor of their surfaces must be almost infinitely inferiw to 
that of the sun. A circular portion of the sun's disk, subtending 
an angle of 20", would give a light equal to 100 full moons ; 
while the objects in qnestion are hardly, if at all, discernible 
with the naked eye.-)- 

418. The Galaxy or MUky Waif is its^ supposed by some 
to be a nebula of which the sun forms a component part ; and 
hence it appears so much greater than other nebuls only in coo- 
sequence of our dtuRtion with respect to it, and its greater [avx- 
imity to our system. So crowded are the stars iu some parts of 
this zone, that Sir William Herscbel, by counting the stars in a 
sii^e field of his telescope, estimated that 60,000 had passed 
under his review in a zone two degrees in breadth during a sin- 
gle hour's observation. Notwithstanding the apparent contiguity 
of the stars which crowd the galaxy, it is certain that their mu- 
tual distances must be inconceivably great. 

* A liMof 9B8 bright nabnla, with leferancei la well known stan, nur whidi 
thsf ale Mtoiled, ia given in tbe Edinbm^ Enejclcpodia, Art. .Arirpnvny, p. 781 . 
It U convenieot fbr finding anj required oebnltu 

\ Sir J. Henchal. 
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419. TiBUBLE Subs are those whioh ondergo a periodical 
cbaoge of bngbtDeas. One of the most lemailcaUe is the stai 
Mnu in the Whale, (o Ceti). It appeaa wee in 11 months, re- 
maitifl at its greatest brightness about a fortnight, being then, od 
some occasions, equal to a staiof the second magnitade. It then 
decreases about three months, until it becomes completely invisi- 
ble, and remaioB so about fire months, vbea it again becomes 
Tisible, and continues increasing during the temaining three 
mouths of its period. 

Another rery remarkable variable star is Algrtl (|S Persei). It 
is usually visible as a star of the second magnitude, and cootinnes 
such for 2d. 14h. when it suddenly begins to dimioish in c^endor, 
and in about 3} hours is reduced to the fourth magnitude. It 
then begins again to increase, and in 3) hours more, is restored to 
its Qsual brightness, going through all its changes in less than 
three days. This remarkable law of variation appean strongly 
to surest the revolution round it of some opake body, which, 
when interposed between ns and Algol, cuts off a large portion 
of its light It is (says Sir J. Herschel] an indication of a high 
degree of activity in regims where, but for such evidoices, we 
might conclude all lifeless. Our sun lequires almost lune times 
this period to perform a revolution on its axis. On the other 
hand, the periodic time of an opake revolving body, sufficiently 
la^, which would produce a similar temporary obscnrati<m of 
flie sun, seen fran a fixed star, would be less than fourteen hours. 

The duration of these periods is extremely various. While 
that of ? Persei above mentioned, is less than three days, others 
are more than a year, and others many years. 

420. TcHPOBixr Stabs are new stars which have appeared 
suddenly in the firmament, and after a certain interval, as sud- 
denly disBirpeared and returned no more. 

It was the appearance of a new star of this kind 12£ years be- 
fore tbe Christian era, that prompted Hipparchus to draw up a 
catalogue of the stars, the first on record. Such also was the 
star which suddenly shone out A. D. 389, in tbe Eagle, as bright as 
Tonus, and after remaining three weeks disappeared entirely. 
At other periods, at distant intervals, similar phenomena have pre- 
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eented tttenuelTM Thus the appearaoce of a star in 1672, vas 
BO sudden, tfmt Tycbo Brahe returning home one day was sup> 
prized to find a collectioa of country people gazing at a star 
which he vas sure did not exist half an hour before. It was 
then as bright as Sirius, and continued to increitge until it stv- 
passed Jotater when brightest, and was visible at mid-day. la a 
month it began to diminish, and in three months afterwards it 
bad entirely disappeared. 

It has been supposed by some that in a few instances, the same 
■tar has returned, constitutiDg one of the periodical or variable 
stars of a Icmg period. 

Moreover, on a careful re-examination of the heavraii, and a 
comparison of .catal<^;ufi8, many stars are now (ouai to be mim- 
ing-* 

421. DoDBLx Stabs are those which aiq)ear single to the 
naked eye, but are resolved into two by the telescope ; or, if not 
visible to the naked eye, are seen in the telescope so close to* 
gether as to be rect^ized as objects of tbra class. Some- 
times three or more stars are found in this near connexioD, consti- 
tuting triple or multiple stars. Castor, for ezam[4e, when seen by 
the naked eye, ^ipeais as a single star, but in a telescope even of 
moderate powers, it is resolved into two stars of between the 
third and fixirth magnitudes, within fi" of eadi other. Theas 
two stars are nearly of equal nze, bat more commonly one is ex- 
ceedji^ly small in comparisMi with the other, resembling a satel- 
lite near its primary, althon^ iu distance, in hght, and' in other 
characteristics, each has all the atthbutea of a star, and the eom- 
bioation therefore cannot be that of a [rfanet with a satellite. In 
most instances, also, the distance detweea theae objects is much 
less than 5", and in many cases it is less than 1". The extreme 
closeness, together with the exceeding minuteness of most of the 
double stars, requires the best telescopes united with the most 
acute powers of observation. Indeed, certain of these objects 
are regarded as the severest teste both of the excellence of the 
instruments, and of the skill of the observer. 

* Sr J. Henehal. 
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422. Many of the doable stais exbibit the cnrioQs and beauti- 
ful f4ienomeDa of contrasted or complementary coUm.* la such 
instances, the larger star b usually of a raddy or orange hue, 
wbile the smaller one appears blue or green, [vobably in virtue of 
that general Uw of optics, which provides that vben Uie retina 
is excited by any bright colored %ht, feeUer lights which seen 
tSoas would produce no sensation but of whiteness, sf^ieair 
colMed, with the tint complementary to that of the brighter. 
Thus a yellow color predominating in the light of the brighter 
star, that of the less bright one in the same field of view will i^ 
pear blue ; while, if the tint of the brighter star verges to crimson, 
that of the other will exhibit a tendency to green, or even under 
favorable circumstances, will appear as a vivid gr^en. The ftny 
mer contrast is beautifully exhibited by » Cancri, the latter by i 
Andromeds, both fine donUe stars. If, however, the colored 
star is much the less bright of the two, it will not materially af- 
fect the other. Thus for instance, v C^issiopeias exhibits the beau- 
tiful combioatt<»i of a large white star, and a small one of a rich 
mddy purple It is by no means, however, intended to say, that 
in all such cases, <Hie of the colors is the mere effect of contrast, 
and it may be easier suggested in wends, than conceived in im- 
agination, what variety of illumination two suns, a red and green, 
or a yellow and a Uue sun, must afford a planet circulatii^ about 
uther ; and what charming contrasts and " grateful vicissitudes," 
a red and green day for instance, alternating with a white one and 
with darkness, might arise from the presence at absence of one w 
other, or both above the horizon. Insulated stars of a red color, 
almost as deep as that of blood, occur in muiy parts of the heav- 
ens, but no green or blue star, of any decided hue, has, we beUeve, 
ever been noticed, unassociided with a companion brighter than 
itself-t 



* Complementsr^ colon ire lucli u together make whits light. IT all the col- 
on or the ■pectnim be laid dono on b circulu na%, each occupjing ita proportioD- 
ata apaoe, anj two colon on the oppoaile lidei of the sone, ars complejnwttarj 
to each other, and when tff tXe mmu i^te ^ imUHMttji, thej compoae white li(bt. 
Breweter'i Optica, Part III, c. 36. 

ISirl.HetK^el. 
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423. Our knowledge of the double stats almost commenced 
with Sir William Herschel, about the year 1780. At the time 
he began his search for them, he was acquainted with only/our. 
Within five years, he discovered nearly 700 double stars.* In hia 
memoirs published in the Philosophical Transactions,! he gave 
most accurate measurements of Uie distances betweea the two 
stars, and of the angle which a line joining the two, formed with 
the parallel of declination.J These data would enable him, or at 
least posterity, to judge whether these minute bodies ever change 
their position with respect to each other. 

Since 1821, these researches have been prosecuted with great 
zeal and industry by Sir James South and Sir John Herschel in 
England, and by Professor Stmve at Dorpat in Rus^ and the 
whole number of double stars now ktiown, amounts to several 
thousands.^ Two circumstances add a high degree of interest 
to the phenomena of the double stars, — the first is, that a few of 
them at least are found to hare a resolution around each other, 
and the second, that they are supposed to afford the means of ob- 
taining the parallax of the fixed stars. Of these topics we shall 
treat in the next chapter, 



CHAPTER in. 

MOTIOITa or THX riZKD STABS ^DISTANCXS HATITRE. 

424 In 1803, Sir William Herschel first determined and an- 
nounced to the worid, that there exist among the stars, sepa- 
rate systems, composed of two stars revolving about each other 
in regular orbits. These he denominated Binary Stars, to dis- 
tinguish them from other double stars where no such motion is 
detected, and whose proximity to each other may possibly arise 
fiom casual juxtSrposition, or fiom («ie being in the range of the 

* Darin| hii life he obMrved in dl, 3400 double lUi*. 

t PUl. Tiui*. 1782-1786. t Biilj jStlron. Tram, ii, 549. 

( Thi Citalogoe of StniTa, mnlaiiw 3063. 
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otber. Betveen fifty and axtj instaoces of changes to a greater 
or less amount of the relative position of double stars, are mea> 
tioned by Sir William Herschd ; and a few of them had changed 
their places bo much within 25 years, and in such order, aa to 
lead him to the conclusion that they perfomted revolutions, one 
around the other, in regular orbits. 

426. Theae cooclufiioos hare been fully confirmed by later ob- 
■ervers, so that it is now considered as fully established, that th«e 
exist among the fixed stars, binary systems, in which two stars 
perform to each other the office of sun and planet, and that the 
periods of revolution of nwre than one such pair have been as- 
certained with something af^noaching to exactness. Immer* 
■ions and emersions of stars behind each other have been ob* - 
■erved, and real motions among them detected r^d enough to 
become sensible and measurable in very short intervals of time.* 
The Ibllowii^ table exhibits the present state of our knowledge 
on this subject 



NOU.. 


Perkdtnr«"*' 


M4ar.Iliofl>»«t>lL 


K«eixttltltj. 


^CoroDtB, 
E Cancri, 
i Um Majotia, 








66.00 
68.26 






7".7U 


0.4164 


70 Ophiiichi, 


80.34 


8.784 


04667 


Castor, 


262.66 


16.172 


0.7582 


(r Coronas, 


286.00 


7.368 


0.6112 


61 Cypi, 
r Virginia, 


452.00 
628.90 


30.860 
24000 




0.8335 


fLeonia, 


1200.00 









From this table it aj^ears (1) that the periods of the double 
stars are very various, ranging, in the case of those already as- 
eertaioed, fiom ibrty three years to one thousand ) (2) Uiat their 
orbits are. vary bduU ellipaes tnoie eccentric than those of the 
planets, the greatest of which (that of Mercury) having aa eo- 
cMitricity of mly about .2 of the major axis. 

The most remarkable c^the binary stars is y Tirginis, on account 
not only of the length of its period, but also of the great diminution 

■ A>tl^«iw.ii,B44. 
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of apparent distance, and rapid increase of angiilar motion about 
each' other of the indiriduals composing it. It is a bright star 
of the fourth magnitude, aud its component stars are almost ex- 
actly equal. It has been known to consist of two stars since the 
beginning of the eighteenth century, their distance being ihea 
between six and seven seconds ; so that any tolerably good tele- 
scope would resolve it. Since that time, they have been con- 
stantly iq>ptoachiog, and are at present hardly more than a single 
second asunder ; so that no telescope that is not of a very supe- 
rior quality, is competent to show them otherwise than as a single 
star, somewhat lengthened in one direction. It fortnnatety hap- 
pens that Bradley (Astron«ner Royal) in 1718, noticed, and re- 
corded in the margin of one of his observation books, the apparent 
direction of their Une of junction, as being parallel to that of two 
remarkable stars a and 8 of the same constellation, as seen by the 
naked eye, — a remark which has been of signal service in the 
investigation of their orbit. It is found that it passed its perihelion, 
August 18th, 1834, and that in the interval from 1839 to 1841, 
this star will have completed a full revolution from the epoch of 
the first measurement of its position in 1761 ; and the regularity 
with which it has maintained its motion, is said to have been 
esareedingly beautiful.* 

426. The revolutions of the binary stars have assured us <^ 
that most interesting fact, that the late of gravitation extend* t» 
the fixed stars. Before these discoveries, we could not decide 
except by a feeble analogy that this lav transcended the bounds 
of Uie solar system. Indeed, our belief of the fact rested more 
upon our idea of unity of design in all the works of the Oeator, than 
upon any certain i»oof ; but the revolution of one stcu around another 
in obedience to forces which must be similar to those that gov- 
em the solar system, establishes the grand conclusion, that the 
law of gravitation is truly the law of the material universe. 

We have the same evidence (says Sir John Herschel) of the 
levolations of the binary stars about each other, that we have of 
those of Saturn and Uranus about the sun ; and the correspond- 
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ence betveen their calcnlated atui obsenred places in sach elon- 
gated ellipses, must be admitted to carry with it a proof of the 
prevalence of the Newtonian law of gravitr ia theii systems, of 
the very same nature and cogency as that of the calculated and 
obserred places of comets round the center of our own system. 

Bat (he adds) it is not with the revolutions of bodies of a jdao- 
etary or cometary nature round a solar center that we are now 
concerned ; it ia with that of sua around sun, each, perhaps, ac- 
companied with its train of planets and their satellites, closely 
ahtouded from our view by the splendor of their respective suns, 
and crowded into a space, beariag hardly a greater jffoportioo to 
. the enormous interval which separates them, than the distances of 
the satellites of our planets bom Uieir ptitnaries, bear to their dis- 
tances from the sun itself. 

427. Some of the fixed ttart appear to have a real moHon in 
tptue. 

The t^fparerU change of [dace in the stars arising from the 
pnceaaoa of the equinoxes, the nut^ion of the earth's axis, the 
diminution of the obliquity of the ecliptic, and the aberration of 
light, have been already mentioned ; but after all these correc- 
tions are made, changes of |dace still occur, which cannot result 
from any changes in the earth, but must arise from changes in the 
staia themselves. Such motions are called the proper motiona of 
the stars. Nearly 2000 years ago, Hipporchus and Ptolemy made 
the most accurate determinations in their power of the relative 
situations of the stars, and their observations have been transnut- 
ted to us in Ptolemy's Almagest ; from which it appears that the 
stars retain at least very nearly the same places now as they did 
at that period. Still the more accurate methods of modem As- 
tronomers, hare brought to light minute changes in the places of 
certain stars which force upon us the conclusion, either that our 
tolar system causes an apparent displacement of certain stars, by 
a motion of its oum in apace, or that they have themselves a 
proper motion. Possibly, indeed, both these causes may operate. 

428. If the sun, and of couiee the earth which accompanies 
him, is actually in motion, the fact may beccHue manifest bom 
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the appnient approach of the stars in the region which he islear- 
ing, and the recession of those which lie in the pert of the heav- 
ens towards which he is traveUing. Were two groves of trees 
situated on a plain at some distance apart, and we should go from 
one to the other, the trees before us would gradually appear farther 
and farther asunder, while th^ we left behind would appear to ap- 
proach each other. Some ye(u« since, Sir William Herschel sup- 
posed he had detected changes of this kind among two sets of stars 
in opposite poin ts of the heavens, and announced that the soUr sys- 
tem was in motion towards a point in the constellation Hercules ,-* 
but other astronomers have not found the changes in question such 
as would correspond to this motion, or to any motion of the sun ; 
and while it is a matter of general belief that the sun has a mo 
tion in space, the &ct is not considered as yet entirely jxoved. 

429. In most cases where a proper motion in certain stars has 
been suspected, its annual amount has been so small, that many 
years are required to assure us, that the effect is not owing to some 
other cause than a real progressive motion in the stars them- 
selves ; but in a few instances the fact is too obvious to admit of 
any doubt. Thus the two stars 61 Cygni, which are nearly 
equal, have remained constantly at the same, or nearly at the 
same distance of IS" for at least fifty years past. Meanwhile 
they have shifted their local situation in the heavens, 4' 23", the 
annual proper motion of each star being 5. "3, by. which quantity 
this system is every year carried along in some unknown path, by 
a motion wbich for many centuries must be regarded as uniform 
and rectilinear. A greater proportion of the double stars than of 
any other indicate proper motions, especially the binary stars or 
those which have a revolution around each other. Among stars 
not double, and no way differing from the rest in any other obvi- 
ous particular, ft Cassiopeis has the greatest proper motion of any 
yet ascertained, amounting to nearly 4," annually. 

DISTANCES OT THK rUES STABS. 

430. We cannot ascaiain the aetttai distance of atuf of the 
fixed stars, bui can certainb/ determine that the netxrest star is 

• FhU. Timiu. 17B3, 180(>, ud 1806. 
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mere than (20,000,000,000,000,) twenty haUoiu of mUet fimn 
the earth. 

For all measoiemeDts relating to the distances of the son and 
idanels, the radius of the earth furnishes the base line (Art. 87). 
The length <^ this line being known, and the horizontal paral- 
lax of the body, whose distance is sought, we readily obtain the 
distance by the solution of a right angled triangle. But any star 
viewed from the of^iosite sides of the earth, would appear firma 
berth stations, to occupy precisely the same atualioo in die celes- 
tial qihere, and of course it would exhibit no horizontal parallax. 

But astronomers hare endearored to find a parallax in some of 
Ihe fixed stars by taking the diameter of the earth'e orbit as a 
base line. Tet even a change of position amounting to 190 
millions of miles, proves insofficieDt to alter the j^ace of a ^ngle 
star, from which it is concluded that the stats have not even any 
annual parallax ; that is, the angle subtended by the semi- 
diameter of the earth's orbit, at the nearest fixed star is insensible. 
The errors to which instrumental measurements are subject, 
arising from the defects of the iustruments themselves, from re- 
fraction, and from various other sources of inaccuracy, are such, 
that the angular determinations of arcs of the heavens cannot be 
leUed on to less than 1". But the change of place in any star 
when viewed at opposite extremities of the earth's oriiit, is less 
than 1", and therefore cannot be appreciated by direct measure- 
ment. It follows, that, when viewed from the nearest star, the 
diameter of the earth's orbit would be insensible : the spider line 
of the telescope would more than cover it. 

431. Taking, however, the annual parallax of a fixed star at 
I", let a b (Fig. 73) represent the radius of the earth's orbit and 
c a fixed star, the angle at c being 1" and the angle at fr a r%ht 
angle; then. 

Sin. 1" : Rad. : : 1 ! aoO,000, nearly. 

Hence the hypothenuse of a triangle whose vertical angle is 
1" is about 200,000 times the base; consequently the dis- 
tance of the Dearest fixed star must exceed 95000000 X 200000 = 
190000000x100000, or one hundred thousand times one hun- 
dred and ninety millions of miles. Of a distance so vast we can 
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ibnn no adequate conceptions, and even seek to meas- 
ure it only by the time that light, (which moves more •, 
than 192,000 miles per second and passes from the sun 
to the earth in 8m. 7sec.,} would take to tiaverse it, 
vhich ifl fonnd to be more than three and a half years. 

If these conclusions aie drawn with respect to the 
largest of the fixed stars, which we suppose to be vastly 
nearer to us than those of the smallest' magnitude, the 
idea of distance swells upon us when we attempt to es- 
timate the remoteness of the latter. As it is uncertain, 
however, whether the difference in the apparent magni- 
tudes of the stars is owing to a real difference or merely to 
their being at various distances from the eye, more or 
less uncertainty must attend all efforts to determine the 
relative distanqes of the stars ; but astronomers generally 
believe that the lower orders of stars are vastly more distant from 
us than the higher. Of some stars it is said, that thousands of 
years would be required for their light to travel down to u& 

432. We have said that the stars have no annual parallax; yet it 
may be observed that astronomers are not exactly agreed on (hia 
point. Dr. Brinkley, a late eminent Irish astronomer, supposed that 
he bad detected an annual parallax in a Lyne amounting to 1",I3 
and in a Aquilcc of 1".42.* These results were controverted by 
Jdr. Pond of the Royal Observatory of Greenwich ; and Mr. 
Stnive of Dorpat has shown that in a number of cases, the par- 
allax is n^alive, that is in a direction opposite to that which 
would arise from the motion of the earth. Hence it is considered 
doubtful whether in all cases of an apparent parallax, the effect is 
not wholly due to errors of observation. 

433. Indirect methods have been {voposed for ascertaining the 
parallax of the fixed stars by means of observations on the double 
stars. If the two stars composing a double star are at different 
distances from us, parallax would affect them unequally, and 
change their relative position with respect to each other; and 

■Phil.Truia.13Zt. 
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unce the ordinary sources of eiror arising from the imperfection 
of inGtraments, from precession, nulatioD, aberration, and refrac* 
tion, would be avoided, (since they would affect both objects 
alike, and therefore would not disturb their relative positions,) 
measurements takea with the miccometer of changes much less 
than 1" may he relied oq. iSir J<^ Herschel proposes a method* 
by which changes may be determined which amount to only [V 
of a second-f 

434. The immense distance of the fixed stars is inferred also 
from the fact that the largest telescopes do not increase their ap- 
parent magnitude. They are still points, when viewed with the 
highest magnifiers, although they sometimes present a spurious 
disk, which is owing to iiradiation4 

ITITCBE or THE ETABS. 

435. The stars are bodies greater than our earth. If this 
were not the case they could not be visible at such an Immense 
distance. Dr. Wollaston, a distinguished English philosopher, 
attempted to estimate the magnitudes of certain of the fixed stars 
{torn the light which they afford. By means of an accurate 
{^otometer (an instrument for measuring the relative intensities 
of light] he compared the light of Sirius with that of the sun. 
He next inquired how far the sun must be removed from us in 
order to appear no brighter tlian Sinus. He found the distance 
to be 141,400 times its present d^tance. But Sirius is more 
than 200,000 times as far off as the sun (Art 431). Hence he 
inferred that, upon the lowest computation, Sirius must actually 

■ Phi). Tr>D>. 1886. 

t Verj recent iDtelligence infbmM n*, thU Proftuof B«Mel of K8oig«b«rg, hu 
obtained daciaire evidence of ftn annual panJIu in 61 Cjgui, amounting to 
0."3136. Tbia makei the distance of thai Mar, equal to 657700 limea 95 millioiu 
of mile*, — a dlBlance nhich it would take lif hi 10.3 jean to IiaTcrae. 

} Irradiation is an enlargenienl of objecta beyond their pn^r boanda, in con- 
■equenco of the vivid imprenion of light on the sje. It ii aupposed to increan 
Ibe apparent diameters of the sun and moon from tlirea to four seconds, and to cre- 
ate an appearance of a dislc in a fixed atar which, when this caiue is lenoved, 
' u seen an a mere point. Bee lUchardMii, Aatr. Trani. r, 1. 
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give out twice as much light as the son ; or that, in point of 
splendor, Sirius muEt be at least equal to two suns. Indeed, he 
has rendered it probable that the Ught of Sirius is equal to four- 
teen suns. 

436. TRe fixed stars are suns. We have already seen that 
they are la^e bodies; that they are immensely farther off than 
the farthest planet ; that they shine by their own light ; ia 
short, that their appearance is, in all respects, the same as the 
sun would exhibit if removed to the region of the stars. Hence 
we infer that they are bodies of the same kind with the sun. 

437. We are justihed therefore by a sound analogy, in con- 
cluding that the stars were made for the same end as the sun, 
namely, as the centers of attraction to other planetary worlds, to 
which they severally dispense Ught and heat. Although the 
starry heavens present, in a clear night, a spectacle of ineffable 
grandeur and beauty, yet it must be admitted that the chief pur- 
pose of the stars, could not have been to adorn the night, since 
by far the greatest part of them are wholly invisible to the naked 
eye ; nor as landmarks to the navigator, for only a very small 
proportion of them are adapted to this purpose ; nor, finally, to 
influence the earth by their attractions, since their distance ren- 
ders such an effect entirely insensible. If they are suns, and if 
they exert no important agencies upon our world, but are bodies 
evidently adapted to the same purpose as our sun, then it is as 
rational to suppose that they were made to give light &ad heat, as 
that the eye was made for seeing and the ear for hearing. It is 
obvious to inquire next, to what they dispense these giAs if not 
to planetary worlds ; and why to [danetary worlds, if not for the 
use of percipient beings ? We are thus led, almost inevitably, to 
the idea of a Plttrality of Worlds ; and the conclusion is forced 
upon us, that the spot which the Creates has assigned to us is but 
a humble province of his boundless empire.* 

* See tbte •rgnnent, in iu fbll extent, io Diek't Ctlatial Scratry. 
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438. The arrangement of all the bodies that compose the ma- 
lerial universe, and their relaiiotis to each other, constitute the 
System of the World. 

It is otherwise caII the Mechanism of the HeaveDs ; and indeed 
in the System of the world, we figure to ourselves a machrne, 
all the parts of which have a mutual dependence, and conspire 
to one great end. " The machines that aie first invented (saya 
Adam Smith) to perform any particular movement, are always the 
most complex ; and succeding artists generally discover that with 
fever wheels and with fewer principles of motion than had origiit- 
ally beenemployed, the same effects may be more easily produced. 
The first systems, in the same manner, are always the most com- 
[dex ; and a particular connecting chain or principle is generally 
thought necessary to unite every two seemingly disjointed ap- 
pearances ; but it often happens, that one great connecting prin- 
ciple is afterwards found to be sufficient, to bind tc^ether all tfie 
discordant phenomena that occur in a whole species of things." 
This remark is strikingly apj[dicable to the origin and prepress 
of systems of astronomy. 

439. From the visionary notions which are generally under- 
stood to have been entertained on this subject by the ancients, 
we are apt to imagine that they knew less than they actnally did 
of the truths of astronomy. But Pythagoras, who lived 500 years 
before the Christian era, was acquainted with ruany important 
facts in our science, and entertained many opinions respecting 
the system of the world which are now held to be true. Among 
other things well known to Pythagoras were the following : 

1. The principal Constellations. These had begun to be 
formed in the earliest ^es of the world. Several of them bear^ 
ing the sanu names as at fvesent are mentioued in the writings of 
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Hesiod and Homer ; and the " sveet influences of the Pleiadea" 
and the " bands of Orion," are beautifully alluded to ia the book 
of Job. 

2. BcHpses. Pythagoras knew bo^i the causes of eclipses 
and how to [vedict them ;* not indeed in the accurate manner 
now employed, but by means of the Saros (Art. 233). 

3. Pythagoras had divined the true system of the world, hold- 
ing that the sua and not the earth, (as was generally held by the 
ancients, even for many ages after Pythagoras,) is the center 
around which all the planets revolve, and that the stars are so 
many suns, each the center of a system like our own-f Among 
lesser things, he knew that the earth is round ; that its surlace 
is naturally divided into five Zones ; and that the ecliptic is in- 
clined to the equator. He also held that the earth revolves daily 
on its axis, and yearly around the sun ; that the galaxy is an as- 
semblage of small stars; and that it is the same luminary^ 
namely, Venus, that constitutes both the morning and the eve- 
ning star, whereas alt the ancients before him had suf^xwed 
that each was a separate planet, and accordingly the morning 
star was called Lucifer, and the evening star Hesperu8.t He 
held also that the planets were inhabited, and even went so far as 
to calculate the size of some of the animals in the moon.^ Py- 
thagoras was so great an enthusiast in music, that he not only as- 
signed to it a conspicuous place in his system of education, but 
even supposed the heavenly bodies themselves to be arranged at 
distances corresponding to the diatonic scale, and imagined them 
to pursue their sublime march to notes created by their own har- 
monious movements, called the " music of the spheres ;" but he 
maintained that this celestial concert, though loud and grand, is 
not audible to the feeble organs of man, but only to the gods. 

440. With few exceptions, however, the opinions of Pythago- 
iBs on the System of the World, were founded in truth. Tet 
they were rejected by Aristotle and by most succeeding astrort- 
omers down to the time of Copernicus, and in their place was 



* LoDg'i AaDonomjr, S, 671, 
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substituted the doctrine of CrgstaiUne Spheres, first taught by 
Eudoxiu. Accotding to this system, the hearenly bodies an 
set like gems in hoUow solid orbs, composed of crystal so pellacid 
that DO aDterior orb obstructa in the least the view of any of 
the orbs that lie behind iL The son and the planets have each 
its separate oib ; but the fixed stars are all set in the same grand 
orb ; and beyond this is another still, the Primum Mobile, which 
revives daily ficHn east to west, and carries along with it all the 
other orbs. Above the whde, spreads the Orand Empyrean, or 
third heavens, the abode of perpetual serenity.* 

To account for the ^anetary motions, it was supposed that each 
of the [danetary orbs as well as that of the sun, has a motion of its 
own eastward, while it partakes of the common diurnal motion of 
the starry sf^eie. Aristotle taught that ^ese motions are effected 
by a tutehuy genius of each [danet, residing in it, and directing 
its motions, as the mind of imm directs his motions. 

441. On coming down to the time of Hipparchus, who fiorir- 
ished about 150 years before the Christian era, we meet with astron- 
omers who acquired far more accurate knowledge of the celestial 
motions. Hippoichus was in possession oC instruments for meas- 
uring angles, and knew how to resolve sfdiericBl triangles. He 
ascertained the length of the year within 6m. of the truth. He 
discovered the eccentricity of the solar orb, (althoagh he sup- 
posed the sun actually to move uniformly in a circle, but the 
earth to be placed out of the center,) and the positions of the 
sun's apogee and perigee. He formed very accurate estimates of 
the obliquity of the ecliptic and of the precession of the equi- 
noxes. He computed the exact period of the synodic revolution 
of the mooD, and the inclination of the lunar orbit ; discovered 
the motion of her node and of her line of apsides ; and made the 
first attempts to ascertain the horizontal parallaxes of the sun and 
mo(Hi. 

Such was the state of astronomical knowledge when Ptolemy 
wrote the Almagest, in which he has transmitted to us an eo- 
cyclopsedia of the astronomy of the ancients. 
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44S. The syslems of the world which have been most cel- 
ebrated are ^ree — the Ptolemaic, the Tychonic, and the Coper- 
nican. We shall conclude this pert of our work with a concise 
statement and discussioa of each of these systems of the Mech- 
anism of the Heavens. 

THE PTOLXHAIC BTSTKH. 

443. The doctrines of the Ptolemaic System were not origin- 
ated by Ptolemy, but being digested by him out of materials fur- 
nished by various hands, it has come down to us under the sanc- 
tion of his name. 

According to this system, the earth is the center of the universe, 
and all the heavenly bodies daily revolve around it from east to 
west In order to explain the planetary motions, Ptolemy had 
recourse to deferents and epicycles, — an explanation devised by 
Apollonius one of the greatest geometers of antiquity.* He con- 
ceived that, in the circomference of a circle, having the earth for its 
center, there moves the center of another circle, in the circumference 
of which the planet actually revolves. The circle surrounding the 
earth was called the deferent, while the smaller circle whose 
center was always in the periphery of the deferent, was called 
(he epicycle. The motion in each was suf^iosed to be uniform. 
Lastly, it was conceived that the motion of the center of the 
epicycle in the circumference of the deferent, and of the planet 
in that of the epicycle, are in opposite directions, the first being 
towaida the east, and the second towards the west. 

444 But these views will be better understood from a dic^ram. 
Therefore, let ABC (Fig. 74,} represent the deferent, E beingthe 
earth a little out of the center. Let aic represent the epicycle, 
having its center atf, on the periphery of the deferent. Conceive 
the circumference of the deferent to be carried about the earth 
every twenty four hoars in the order of the letters ; and at the 
same time, let the center v of the e[Acycle abed, have a slow motion 
in the opposite direction, and let a body revolve in this circle in 

* PUjrOir, DiaMNuion SeoMid, 119. 
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the diinctitm tOed. Then it will be seen tbst the body wootd 
actually describe the looped curresAJifuMp; that it would aj^)ea[ 

(Fi,. n.) 




itBtionary at / and m, aod at n and o ; that its motion would be 
direct fFom k la I, and then retrograde from / to m ; direct again 
from m to n, and retrograde from » to o. 

445. Such a deferent ai>d epicycle may be devised for each 
planet as will fully explain all its ordinary motions ; but it is in- 
consistent with th.e phases of Mercury and Tenus, which being 
between us and the sua on both sides of the epicycle, would 
present their dark sides towards us in both these positions, whereas 
at one of the conjunctions they are seen to shine with full face.* 
It is moreover absurd to speak of a geometrical center which has 
no bodily existence, moving around the earth on the circum- 
ference of another circle ; and hence some suppose that the an- 
cients merely assumed this hypothesis as affording a convenient 
geometrical representation of the phenomena, — a diagram simply, 
without conceiving the system to have any real existence in na- 
ture. 



* Vince'i Complste SjBleiU, 1, 96. 
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446. The objediotts to the Ptolemaic system, in general, are 
the following : First, it is a mere hypothesis, haviDg no evidence 
in its fovor, except that it explains the phenomena. This evi- 
dence is insufficient of itself, since it frequently happens that each 
of two hypotheses, directly opposite to each other, will explain all 
the known phenomena. But the Ptolemaic system does not even 
do this, as it is inconsistent with the phases of Mercury and Ve- 
nus, as already observed. Secondly, now that we are acquainted 
with the distances of the remoter planets, and especially of the 
fixed stars, the smflness of motion implied in a daily revolution 
of the starry firmament around the earth, renders such a motion 
wholly incredihle. Thirdly, the centrifugal force that would be 
generated in these bodies, especially in the sun, rendets it impos- 
sible that they can continue to revolve around the earth as a 
center. 

These reasons are sufficient to show the absurdities of the 
Ptolemaic System of the World. 

THC TYCHONIC StSTEM. 

447. Tycho Brahe, like Ptolemy, placed the earth in the center 
of the universe, and accounted for the diurnal motions in the 
same manner as Ptolemy had done, namely, by an actual revolu- 
tion of the whole host of heaven around the earth every twenty 
four hours. But he rejected the scheme of deferents and epicy- 
cles, and held that the moon revolves about the earth as the cen- 
ter of her motions ; that the sun, and not the earth, is the 
center of the planetary motions ; and that the sun accompanied 
by the planets moves around the earth once a year, somewhat in 
the manner that we now conceive of Jupiter and his satellites as 
revolving around the sun. 

448. The syvtem of Tycho senres to explain all the common 
{Aenomena of the planetary motions, but it is encumbered with 
the same objections as those that have been mentioned as resting 
against the Ptolemaic system, namely, that it is a mere hypoth- 
esis ; that it implies an incredible swiftness in the diurnal motions ; 
sad that it is inconststeot with tho known laws of nnivecsal grav- 

35 
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itation. But if the hearetu do not rerolre, the earth must, and 
this briogs us to the system of Copernicus. 

THs copuincjjf nrrtm. 

449. Copernicus was bora at Thorn in Prusda ia 1473. The 
system that bears his name was the fruit of forty years of intense 
study and meditation upon the celestial motions. As already 
mentioned, (Art. 6,) it maintains (1) That the apparent diurnal 
motions of the heavenly bodies, from east to west is owing to the 
real revolution of the earth on its own axis from west to east ; 
and (2) That the sun is the center around which the earth and 
[danets all rerolre from west to east. It rests on the following ar- 
guments : 

460. First, the earth revolves on its own axis. 

1. Because this su[qx>sitioQ is vastly more simple. 

2. It is agreeable to anahgy, since all the other planets that 
afiind any means of determining the question, are seen to revolve 
on their axes. 

3. The spheroidal jigvre of the earth, is the figure of equihb- 
rium, that results from a revolution on its axis. 

4. The diminished weight of bodies at the equator, indicates a 
centrifugal force arisiog from such a revolution. 

6. Bodies let fall from a high eminence, fall eastward of their 
base, indicating that when farther from the center of the earth 
they were subject to a greater velocity, which in consequence of 
their inertia, they do not entirely lose in descending to the lower 
level.* 

4S1. Secondly, the planets, including the earth, renoheabotU 
the sun. 

1. Thej^Aa^esofMercury and Tenus are preciselysuch, as would 
result from their circulating around the sun in orbits within that 
of the earth ; but they are never seen in o[q>ositioa, as they would 
be if they circulated around the earth. 

2. The superior planets do indeed revolve around the earth ; 
but they also revolve around die sun, as is evident from their 

■Biot 



..Google 



THE COPEBNICAIT 8ESTEH. 37S 

[Aases vid from the known dimeDsiotis of their orbits; and that 
the Sim and not the earth, is the center of their motions, is infer- 
red from the greater symmetry of their motions as referred to the 
nin than as referred to the earth, and especially from the laws of 
gravitation which forbid our supposing that bodies so much largw 
than the earth, aa some of these bodies are, can circulate perma- 
nently around the earth, the latter remaining all the while at rest. 
3. The annual motion of the earth itself is indicated also by 
the most conclusive argumeots. For, first, since all the planets 
with their satellites, and the comets, revolve about the sun, anat- 
ogy leads us to infer the same respecting the earth and its satellite. 
Secondly, The motions of the satellites, as those of Jupiter and 
Saturn, indicate that it is a law of the solar system that the smaller 
bodies revolve aboat the larger. Thirdly, on the suppositiMi 
that the earth performs an annual revolution around the sun, it is 
embraced along with the planets, in Kepler's law, that the squares 
of the times are as the cubes of the distaoces ; otherwise, it forms 
an exception, and the only known exception to this law. Lastly, 
the aberration of light afibtds a sensible |xoof of the motioa of 
the earth, since that jdienomenon indicates both a progressive 
motion of light, and a motion of the earth from west to east. 
(Art 195). 

452. It only lemslna to inquire, whether there subsist higher 
ordera of relations between the stars themselves. 

The revolutionsof the(Jnarystors(Art. 4^) afford conclusive 
evidence of at least subordinate systenis of suns, governed by 
the same laws as those which regulate the motions of the solar 
system. The neimltB also compose peculiar systems, in which the 
members are evidently bound together by some common relation. 

In these marks of organization, — of stars associated bother in 
cIu8ters,^-of sun revolving around sun, — and of nebnlse disposed 
in regular figures, we recognize different members of some grand 
system, links in one great chain that binds together all parts of 
the universe ; as we see Jupiter and his satellites combined ia 
one subordinate system, and Saturn and his satellites in another, 
— each a vast kingdom, and both uniting with a number of other 
individual parts to compose an empire still more vast. 
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453. This fact being now established, that the staia are im- 
mense bodies like the sun, and that they are subject to the laws 
of grBTJtalioD, we cannot conceive how tbey can be preserred 
from falling into final disorder and ruin, unless they move ia 
harmonious concert Uke the members of the solar system. Oth- 
erwise, those that are situated on the confines of creation, being 
retained by no forces from without, while they are subject to the 
attraction of all the bodies within, must leave their stations, and 
move inward with accelerated velocity, and thus all the bodies in 
the univetse would at length fall together in the common center 
of gravity. The immense distance at which the stars are placed 
from each other, would indeed delay such a catastrophe ; hut such 
must be the ultimate tendency of the material world, unless sus- 
tained in one harmonious system by nicely adjusted -motions.* 
To leave entirely out of view our confidence in the wisdom and 
preserving goodness of the Creator, aitd reasoning merely from 
what we know of the stability of the solar system, we should be 
justified in inferring, that other worlds are not subject to forces 
which operate only to hasten their decay, and to involve them in 
final ruin. 

We conclude, therefore, that the material imiveise is one great 
system ; that the combination of planets with their satellites ccm- 
stitutes the fii^t or lowest order of worlds ; that next to these plan- 
ets are linked to suns ; that these are foonnd to other suns, compos- 
ing a still higher order in the scale of being ; and, finally, that all 
the different systems of worlds, move around their common 
center of gravity. 

* BobiaoD'B Phjiical AstroDomy. 






, Google 



o 



. h 



, Google 






, Google 



, Google 



nHTTEBSITT OF OALIFOBNIA LIBRABT 



THIB book is DDB oh the LAilT DATE 


»AH 27 1915 




prt> 22 1915 




tUL. 2 1920 




JAU27)9Z- 






BOm-V" 



, Google 



YC 22197 



i 




, Google 



